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ABSTRACT 


A direct technique for production of potato 
granules, using a freezing and thawing step as an integral 
part of the process, was proposed. Investigation of the 
changes taking place in the potatoes during processing 
Showed that: cooking renders pectic substances more soluble; 
freezing and thawing, and increasing temperature both reduce 
the amounts of released starch and water-soluble pectic 
Substances available for binding the cells together, and 
hence enable the cooked potatoes to be mashed with a very 
low amount of damage to the cells; and that both 
surfactants, and freezing and thawing are essential for the 
success of the process. The proposed process has fewer 
stages than the currently used commercial processes. 
Further, these studies indicate that a comparable or better 
product is obtained more easily with the freeze-thaw process 


than with other processes for potato granule production. 


Equipment and processing conditions employed in 
pre-drying, granulation, and drying were studied. 
Modification of a fluidized-bed dryer to be used for pre- 
drying and granulation is described. The temperatures and 
velocities of the air, and the speeds of the stirrer were 
determined for each of these steps. Drying rates of the 
mashed potatoes during each step were investigated and it 
was found that a long constant-rate period during the pre- 


drying step could be achieved with the aid of the freeze- 


— 
Py ay 7 

ae oes $95 - 

A 


at 


- 
a 


Sern svi routed & _s 
fs Te as ow For perauke 


oth 
s6a 46 averse Dex -Seangese 29s eenemy a8 meen 
Saat )4: dei ch eonkg aes aes ok avele onan ser 


Sueati: 2 peahinns reesons roeas iw as. 


_ 
jc paays, Nite ies wait? One one 


a : 


extikes ¥3pil "3 ; 
eel wie »; Ory @Sease) fepapdes Uy hbaGe * 
y ae f a 
Inds ent tren- oi b\ GUS bORG JO vies cers oyiar 4 7 
i ei% ? 2eRISeSY futose iat oid ee Saeed 


ssi tas Bot Ve vous i Sa Tre asa 


- y  & 

ene 369 “Ln tone » ci: fegeees ne cides =t fits , ashe Pe 
ie 404 000024, SOANGRIG Ost yOB a1 2) #2: Te a 

> 2B ii AY ie@sTIO? Sat eat? ab pREe 2 


yagsa> a itdeeeyo 6 fs ere ie bua 1QeAhy sie ae 


sas ig wbile-AFOAS*) 449 AILS, eens 629° ute tae! “4 as - 


_ 


Te ae ee eS i ee merce 1436 baw weet 


ii teteieda Steispeien * au - hue onoagliaee® " 
<oebbure Pree 9822 ah Prater s. payee 


*ead 29). 6978 au .o8 seus hak=bosibind’ aay pon mal 


bie ferry hear hil agi Died cea bt ‘wots aline ap™ one ’  vh 
7 ; 
* a6" subi pmpte 40 abeuis was: Sue ,ats oy to. 


eas ag. ore? eo L Whos saad eget? Ww tas » 208 te 


2 deans dedhe » ani sacilons ry 


om ee a 7 
as ne, ae 


thaw and stirred-bed techniques. 


The physical characteristics of the reconstituted 
product were studied. A sensory evaluation panel found that 
the textural characteristics of the product were comparable, 
or slightly superior, to some products commercially 


available. 


The sensory panel also provided evidence that 
glueyness is more strongly correlated to the overall 
textural quality of mashed potatoes than firmness and 
smoothness. Attempts to measure the glueyness of mashed 
potatoes objectively produced results which suggest that the 
method may be suitable for quality control and product 


development in the dehydrated mashed potato industry. 
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largest food crops produced in the world to-day (The 
National Potato Council, 1969), and has been a very 
important part of the diet of people in many parts of the 
world for over a century. In the United States of America, 
due to the accelerated scientific and technological 
development in the last few decades, the efficiency of 
potato production has markedly increased to the point that 
the potato industry is now faced with the problem of surplus 
resulting in a great reduction in price. The per capita 
consumption, on the other hand, declined gradually from 136 
lbs per person per year in 1931 to 101.9 lbs per person per 
year in 1952. With the advent in technological advance in 
processing in recent years, however, the per capita 
consumption is now on an upward swing due to the 
availability of the potatoes in many processed forms, the 
convenience and the quality of which attract more consumers 


and higher consumption. 


Among the dehydrated potato products developed 
since early this century, dehydrated mashed potatoes are one 


of the most popular, and production is still increasing in 
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volume and efficiency. The instant dehydrated mashed potato 
includes potato granules and potato flakes. Together they 
comprise the bulk of dehydrated potato products and have 
become widely accepted in both consumer and institutional 
markets (Feustel et al., 1964). Potato granules, the subject 
of the present studies, are dehydrated, pre-cooked potatoes 
in granular form that can be quickly reconstituted to mashed 
potatoes by mixing with hot or boiling liquid. They were 
first developed as a World War II military item in England, 
and were introduced into the United States for home use in 
1947 (Feustel et al., 1964). Early technological development 
of potato granules have been adequately reviewed by Olson 
and Harrington (1955), Feustel et al. (1964), and Gutterson 
(1971). Many patents have been issued concerning processing 
techniques, improvement of the processing techniques, and 
equipment used in processing of potato granules. Greene et 
al. (1949) hold a patent on “Freeze and Squeeze" method 
which was briefly used during World War II. The practice was 
discontinued early in the nineteen fifties due to the 
organoleptic inferiority, and the rather low bulk density of 
the product. Rivoche (1951a, 1951b) attempted to spray dry 
potatoes by first freezing the cooked potatoes, and then 
reducing them to a snow mist in a hammer mill. As yet no 
successful adaptation of spray dryer has been worked out to 
produce potato granules with acceptable quality. Heisler et 
al. (1953) used solvent extraction to produce potato 


granules. The process, however, involved many stages of 
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extraction and distillation, and the final product 
inevitably contained traces of solvents employed. 
Furthermore, the loss of some soluble materials during 
processing resulted in the product with inferior 
Organoleptic quality. Volpertas (1944), Rendle (1945), 
Willetts and Rendle (1948), and Rivoche (1948, 1950) 
described in their patents the "add-back" process which 
requires recycling of substantial amounts of the previously 
dried granuies (seed) to mix with the freshly cooked 
potatoes to reduce their moisture content down to levels at 
which granulation could be successfully achieved. Hendel et 
al. (1962a, 1962b) patented a direct method for processing 
of potato granules without recycling of the dry seed, by 
pre-drying the cooked potatoes to a suitable moisture level 
prior to conditioning at low temperatures and granulation. 
Carlson et al. (1970) patented the method for comminuting 
and drying of cooked food products together with their 
specially designed equipment for the purpose. Their method 
is another attempt to avoid recycling of the dry seed by 
mashing and straining the cooked potatoes into streams of 
air to dry them to fine granules. Boyle stated in 1967 that 
the add-back process was the only process being used 
commercially, and to the best of the author's knowledge is 


still the only process being used. 


All the above mentioned attempts are directed 


towards one aim, that is to process cooked potatoes, which 
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contain 76-82% moisture, into dry, fine granules which 
contain about 6% moisture, have a high bulk density (0.8 
gm/fcc or greater), and when reconstituted the mashed 
potatoes would possess ali or most of the organoleptic 
qualities which are characteristic of the freshly cooked, 


mashed potatoes. 


The difficulties in attaining this goal are, 
however, numerous. Much work has been done to overcome the 
problems, with results that the following generalizations 


can be made: 


1. Only potatoes of high total solids, 
generally above 20%, can produce mealy and fluffy 


mashed potatoes. 


2. The cooking of the potatoes has a 
profound effect on the process. The method of 
cooking, i.e. whether water or steam is used as 
heating medium; cooking time and temperature, are 
all important. Both under- and over-cooking have 
detrimental effects on the potatoes with the 
results becoming apparent in the subsequent stages 
of processing (Hendel et al., 1962a), as well as 
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in the final product. 


3. Mashing is one of the most critical 
steps in determining the success of the subsequent 


processing steps and quality of the final product. 
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It is the first stage in which the cooked potatoes 
are subjected to mechanical forces in order to 
subdivide them into smaller units of single cells 
Or aggregates of few cells. If the cells are 
broken the gelatinized starch will be released 
resulting in undesirably sticky or gluey mash 
Which not only makes the succeeding stages of 
processing much more difficult, but also produces 
an unacceptable product. Temperature of the 
potatoes during mashing; time, and equipment used 
for the purpose determine the success of this 


step. 


4. Granulation (i.e. final size 
reduction before drying to about 6% moisture) is 
also a very critical step in the processing of 
potato granules. The extent of damage, the granule 
Size, and the percentage of fine granules taken as 
final product are determined essentially at this 
Stage of processing. It has been found that only 
when the moisture content of the mash is reduced 
to within the range of 35-45% that granulation can 
be accomplished satisfactorily (Bunimovitch and 
Faitelowitz, 1936). The pre-drying methods, and 
the temperature, time, and equipment used in 
granulation play important roles in the success of 


this step. 


wa. th? 


ae 


4 


-se 
- 7 ; —_ a 
| ry | 


sere 
; iy Pac 


asa 


ee War 
Pyro atone a doar OD 


“ne yr ai epend 86S 
otiaé @ipkh tt; eckey Sekt 


¥ 
71te cy eerie nA rT i Bose i 


_ 
a 7 e 


Piatoniaad’: + asiere 


7 3 24 -—2 Une IA we é 


ia mtr \te- vesti7e asain tal or sale uae 
a Grgete@ ni Chey pog arate bids Jon wubay 
~~ an, 
2 c3 URE A> i ta 1 Paty "| vate tee GA Digs esas i 
kb) 17 P.O Uae /qlnt aed a ne 
he Vyil- Si phi nes, pokaeens PEDANs Bhasases 
! 1 wagcken) me haber (68) SOaga0q) OFT 202 A 
el Dat 
4,8) ee eetopaic -» 
i Apetelae 4° dode Of wWhlgsD BIS°9< Ga 4mUBAS 
Se. oe)israetiy vA? AL See iWAbebin vise e@ osée 
>» Ss - = ? : 
O21) && oF —<avveent. tb) Ptect® ois 90807 577 reazag 
a* ai : 
: 5 
2s @rsas pelvemaayt eOrl % wationm, mis Me \aae6 
e279" 36% rhe ia ¢ $insd 369 us Lit Te 34q (eet? 7 
: a 
ein) vhed San nea cad J! shri nqemsag to;epege : 


pit wie FS en's jaf 26 Of? ahi anvr twa 7) ade 
ae oiidhnem yo<t Rbo=ar Su, oyens aft ehdtiv.o? 

ion a>tRy ahebe =) $8 iyo 14% asibien tended byaoooe od 
; aus ubsttes oe ethan @At eueest pswointtan 


vet peo trew bees ae onde ott rerayeat <a> : 


Sh aso ns wmtos anya | 


pie a - 


wias 
_ 


[ 


— 


5. The method of feeding the moist 
granules into the dryers, and the method and 
equipment used in drying of the granules also 
influence, to a certain extent, the organoleptic 
quality and physical characteristics of the final 


product. 


The precesses referred to above are not understood 
well enough in terms of the raw material and its response to 
processing to overcome all of the problems met in the 


processes. 


The most successful to date is the add-back 
process, but problems in obtaining a high quality product 
are still encountered in the industry. In the add-back 
process the potatoes are partially cooked, cooled and held 
for about half an hour. The potatoes are then completely 
cooked, mash-mixed with the seed, conditioned at room 
temperature or lower for at least one hour after which they 
are granulated and finally dried. Each of these steps needs 
relatively precise control, and are hence subject to error 
which may result in an unsatisfactory product. The most 
disadvantageous characteristic of this process is that about 
84-90% of the previously dried product has to be recycled as 
seed to be mixed with the freshly cooked potatoes. This 


means only 1/10 to 1/6 of the dry potatoes coming from the 
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dryer is product; the remainder stays in the systen 
(Gutterson, 1971). Thus, the dehydration equipment must 
handle 6-10 times as much material as is actually packaged. 
As the process involves recycling, a substantial part of the 
potatoes is, thus, repeatedly subjected to mechanical forces 
in mash-mixing, granulation, and drying which may result in 
an unnecessarily high propcrtion of damaged cells in the 
product. Furthermore, if a given volume of the seed material 
contains a high proportion of broken cells, or is highly 
contaminated with microorganisms, e.g. from the mash-mixing 
and/or conditioning steps, several times this volume of 
final product will also be imparted with these undesirable 


characteristics to some extent. 


Hendel et al. (1962a, 1962b) tried to avoid the 
disadvantages of the "adding-back" in their process. Their 
technique, however, requires Separate pre-drying equipment 
such as drum dryer or belt~-conveyor dryer. The process gives 
a reiatively high proportion of coarse fractions (+16 mesh) 
which must be discarded or used as an animal feed 
ingredient. Moreover, the process requires a long 
conditioning period (up to three hours at room temperature 
or lower) which may subject the product to detrimental 
microbial or chemical changes. Also, in the granulation 
step, the pre-dried potatoes are subjected for about one 


hour to continuous compression and shearing, which, though 


mild, may have an adverse effect on the potato cells. 


. os . 
tageiatg. alerts 4s oe TEE ae 4 
e408. t6 tong Amtinehlie © WERST : 
phste? ivtdaedons oF Costetehe 


. os 7) le 
a} Stuewea tae- tole polgel Sapte nm eel 
apr a i 7 

od?  bider ho piatt- 50, a0 os | 


Cd Coe $e@ oi: A QU iaY avy wee | 
-ieotd Sal 20. ,ob dpe .0eaee ~ tie oe & 4% : 

ri vaa~ aetna wer 6 one  aenen Pee ike pardatuagons 7 
be ieagiis cits e0G lt: SazeVAb es gitar ttae> 0 - 
sides Geten edudt vg Kegap pel Sa catia fie paubiotiy) 7 : 
a 


jnebe: Gate 4% sonietveaoemad 5 
eile Oic¥e 22 ign LEBEL iMider) fe rT 


42005 sure 21en? aL” head eo foch.t 3 
snodn dpe: cso b—waay Pose yiee: ete ’ 
saa eAT aoe ae cecy iv heen 19 paige 
srs) eaubeneae deaese Wocaelssogery 4igen - | 
t-inwlen 62 ancien io pwbigaeat ef abe in 

add ze sik oi Laeg yeaa ert 3 ie 

ev fn184ee? anc t Fe ipod aba oe at) jhtseg 
Cirque) xii why Sev bese ne ver ves Hoban | 6 


Sha lian opwil>eat eee cottage ied ts pe 2 
deus! “Soin “009 tins bite 234 Lined aks hetsb~a24 sm - 


deade cdonaw 7eol saith" ORe omg hie mapas ny af: 7 


alin «secoi-at ins eel athe we wad gna 1 


The_ Present Work 


During the development of a technique for freeze- 
drying of cooked potatoes in a freeze-drying company in New 
Zealand in 1968, the author observed the importance of the 
freeze-thaw technique as a means to pre-treat the cooked 
potato tissue. He found that the use of freeze-thaw stage 
greatly increased the capability of the potato cells to 
withstand mechanical forces, such as those in mashing or 


granulation with subsequent improvement in product quality. 


Since it appeared that a process using the freeze- 
thaw technique could well produce a product superior to the 
instant mashed potato products available at that time in New 
Zealand using a much Simpler and hopefuily more economical 
process, and alsc because existing processes are net well 
understood in terms of the raw material and the changes 
induced in it ky the different stages of processing, the 
present project was proposed. Areas chosen for detailed 


study include the following: 


1. Effect of cooking on pectic substances: To 
further substantiate the hypothesis that cooking weakens the 
cell binding forces, changes in pectic substances in 
potatoes due to cooking and processing were determined using 


a modified carkazole method. 


2. Effect of temperature on firmness cf cooked 


potatoes: The dependence of the firmness of cooked potatoes 
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on their temperature, and the relationship between 
temperature of mashing and the extent of cell damage on 
Mashing was investigated using compression and puncture 


tests and a microscopic examination method. 


3. Effects of surfactants and the freeze-thaw 
process on gelatinized starch and pectic substances: The 
methods by which the cell binding strength in mashed 
potatoes, contributed by released starch gel and pectic 
substances, could Le reduced were studied. The effects of 
surfactants as well as freeze-thaw process on starch in 
cooked potatoes were determined. Possible effect of 
surfactants on water-soluble pectic substances was also 


studied. 


4. Physical properties of mashed potatoes in 
freeze-thaw process: To obtain data of physical properties 
of mashed potatoes necessary for calculations ccncerning the 
freezing and thawing steps, the overall heat transfer 
coefficient of the mashed potatces during freezing in an air 
blast freezer was determined with the aid of Plank's 


equation. 


5. Processing conditions for pre-drying, 
granulation, drying, and cooling: The essential data 
concerning pre-drying, granulation, drying, and cooling such 
aS air temperature, air velocity, stirrer speed, and drying 


rate were obtained ky conducting processing experiments 
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using a modified fluid-bed dryer. 


6. Physical characteristics of product: 
Characteristics of the product, such as particle size, bulk 
density, proportion of broken cells, and moisture content 


were determined. 


7. Subjective evaluation of reconstituted product: 
Texture panels were conducted to compare the textural 
characteristics of the product obtained with the proposed 
method with commercial products and freshly mashed potatoes. 


Overall rating cf each product was also obtained. 


8. Objective evaluation of reconstituted product: 
Firmness, glueyness, and density of the mashed potato 
products were measured. Correlations between each 
characteristic and the overall rating of the products were 
calculated to determine which characteristic is most useful 


aS a parameter for objective textural analysis. 
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LITERATURE REVIEW 
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WITH FREEZING AND THAWING AS AN INTEGRAL STEP 
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Greene et al 


(1S$48) found that two results are 
achieved by freezing the cooked potatoes, i.e. a remarkable 
toughening of the cell wall, and a formation of free 
moisture, about 50% of which can be easily expressed from 
the potatoes after thawing without damaging the cells. They 
found that a slow rate of freezing had no detrimental effect 
on the cooked potato cells, contrary to the ccmmon belief. 
The toughening action due to freezing, however, was found to 
be reversed by reheating of the cells. Hall (1953) found 
that the cell walls of the cooked, frozen, and thawed 
potatoes underwent changes by wrinkling, shrinking, or 
crystallizing. He found that with longer freezing times, 
more water could be expressed from the thawed potatoes, 
Bretzloff (1970), however, found no appreciable change in 
the potato cell size due to cooking, or freezing and 
thawing. Longree (1950) reported that slow freezing of 
cooked potatoes resulted ina “dry cottony" texture in the 
unmashed potatoes upon thawing due to the reticulation or 
retrogradation of the cell contents. Harrington et als 
(1951) reported that slow freezing, or quick freezing 
followed by slow thawing of cooked potatoes causes a 
freezing-out of water from the solubilized starch, leaving a 


firm structure that will maintain its physical properties 
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throughout subsequent dehydration. Reeve (1967a, 1969) also 
observed that freezing and thawing of cooked fotatoes 
reduced the swelling capacity of the gelled starch and 
influenced its textural properties. This had advantageous 
effects in the manufacture cf granules by rendering then 
more friable after thawing so that granulation is readily 


accomplished. 


In general, the necessary stages in the proposed 
processes for production of potato granules using the 
freeze-thaw process are aS shown in the flow chart of Figure 
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Peeling, slicing, washing, sulfiting 
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Figure 1. Flow chart for freeze-thaw process. 
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Zs PEELING, SLICING, WASHING, AND SULFITING 


The methods for peeling, slicing, washing, and 
sulfiting can be any standard methods used in research or 
industry. Abrasive peeling has been found, normally, to 
result in excessive loss of potato tissue with the peels. 
Steam peeling or lye peeling reduces the loss considerably. 
Dry lye peeling, a recently developed technique (Graham et 
al., 1970), is claimed to reduce both peel loss as well as 


amounts of waste to be treated. 


The peeled potatoes may be sliced cross- 
sectionally into rings of about 1/4 in thick, or 
*onugitudinallyeiantokstripsick abouti172 incxtd/27instthisvis 
to facilitate uniform and rapid heat transfer during 


cooking. 


Thorough washing of free starch granules from 
potato slices is necessary to avoid stickiness on the 
surfaces of the cooked potato pieces due to the 
gelatinization of the exposed starch granules. If not 
properly washed, the gelatinized free starch contributes to 


the "pastiness" of the final product when reconstituted. 


Sulfiting by soaking the potatoes in 0.5% sodium 
bisulfite solution for about 5 minutes has been found to be 
adequate for inhibition of enzymatic browning of the 
potatoes. The absorbed sulfite can also contribute to the 


prolonged shelf life of the granules. This is due to its 
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effectiveness in the inhibition of non-enzymatic browning 
and microbial greowth (Feinberg et al., 1967). (To further 
improve the storage life of the product, however, additional 
amounts of sodium bisulfite may be introduced at the mashing 
stage so that the amounts of the preservative in the final 
product may be increased up to 400 ppm., calculated as 
sulfur dioxide, as required by the U.S. military 


Specification (Feustel et al., 1964)). 


pie COOKING 


SS ee eS ee ee 


Cooking in potato processing serves to gelatinize 
starch granules contained in the storage cells, soiubilize 
pectic substances in the middle lamella and to prepare the 
potato tissue for mashing and the subsequent drying 
Operations (Kintner and Tweedy, 1967). The ideal cooking 
technigues are those which will produce maximum mealiness, 
which is a desired textural characteristic, from any given 
potato. Undercooking results in unmashed lumps and 
subsequently, higher amounts of broken cells, while 
overcooking causes sloughing or excessive tissue softening, 
and hence more damaged cells (Severson et al., 1955; 


Harrington¥ethais;, 1959). 


——S ees 


Either steam or bciling water can be used as a 
heating medium for cooking potatoes. In boiling water, 
however, loss of some soluble solids such as sugars, 


proteins, ascorbic acid, solubilized starch, and metal ions 


a 


a 
a. a 
’ pichaquns ae 
mdtsu2 401 . vee? 3 


a 7 a 
7 
_ 


. he. zes een SO8ee 
(eu Rein ‘ ¥ mes 


pnidpee OFF “se 


Le a »? ae i a s 
so ‘Pegecen' +> 
‘ reli ae ¥ ie oe) ;% ee) 38 
vr 
oh the te iPivtevet) ats inal now 
mi g2-799 
Aaztiwe* 7 — ‘a Atta at be Bl etA@ ALE: — : 
j _ ~ Oy a 
metitog ‘ brat a 00 Aa resho>. oaia 106 ere 7 
et! owmyety. i: L SSA MORE VF ines Seg 


upaa re spe qigdite se SOt. Oe eh a 


San ( ety et » ¥ mies pie 2aivtal sd) anceswnets 
‘ i ie 4 Lp ie ee 1pOu? 496 sanpeadsos 
ay! ,o 1] Siok. 6 tp an G2 (eiatie? imzigees - jesie-~" 
7 , tepane a> : (sagtdooastn — oe 
ie 4 SAduts: Ve. aha war. sige vacant 
Ae 6 ee 2s ee er. - 
SOOCr .2a5 ot 


_ > i> Gia. oi wo Gee 
a 


16 


occurs through leaching. For some substances (e.g. 
solubilized starch, reducing sugars, amino acids and certain 
metal ions) this may be beneficial. It has been found that 
excessive extracellular amylose leads to stickiness in 
mashed potatoes; reducing sugars and amino acids produce 
non-enzymatic browning reaction (Burton, 1945); and iron is 
thought to be involved in the after-cooking darkening of the 
potatoes (Hughes and Swain, 1962). In other cases, however, 
the loss of these soluble sclids results in the loss of 
organoleptic qualities of the product as well as direct 
economic loss. Steam cooking is considered to be the most 
Satisfactory method and was chosen as the cooking method in 


the present studies. 


Pre-cooking or partial cooking prior to complete 
cooking has been reported to increase mealiness of the 
dehydrated products and to firm the potato tissue (Reeve, 
1954; Cording and Willard, 1957; Nelson et al., 1962; Potter 
et als, 1959; Harmington “et al., 1959; Reeve, 1969). Soaking 
in cool water before and after cooking has been claimed by 


Hendel (1961) to improve granule texture. 


When the potatoes are cooked two important 
components of the potatoes, from granule processing point of 


view, are affected viz. starch and pectic substances. 


Starch comprises between 65 and 80% of the dry 
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Table 1. Proximate analysis of white potatoes. 
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weight of the petato tuber and is calorically the most 


important nutritional component. 


Table 1 gives the proximate analysis of raw, white 
potatoes. In a raw tuber, starch is present as microscopic 
granules in the leucoplasts lining the interior of the walls 
of the cells of the parenchyma tissue. The granules are 
ellipsoidal in shape, with an average size of about 100 by 
60 microns. Hall and Sayre (1970) used electron microscopy 
in examination of potato starch granules and suggested that 
each starch granule is surrounded by a membrane. Ohad et al. 
(1971) observed this membrane at all stages of tuber 
development, and stated that it was derived from plastid 
envelope. Ohad et al. presented evidence to show that if the 
potato tuber is stored at a temperature of about 40°F 
(4.5°C) this membrane disintegrates, and a reduction in 
Starch content and an accumulation of sugars occurs. The 
disintegration cf the membrane was thought to have some role 
in the preservation and maintenance of the starch granule. 
At high temperature storage, (50°F (10°C) and higher), this 
phenomenon was not observed. Reeve (1967b) found a slight 
increase in starch granule size with the increase in storage 
temperature. In fact, it is a cammon practice in the 
processing industry to "recondition" the potatoes which have 
been previously stored at 40°F (4.5°C) or lower, at a 
temperature of around 75°F (18.5°C) to reduce the amounts of 


the accumulated sugars and improve the processing qualities 
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of the potatoes. 


Starch consists of two main components: amylose, 
which is a polydisperse polymer of a-1,4-linked glucosyl 
residues with little branching; and amylopectin, which is a 
highly branched-chain gluccse polymer in which the side 
chains are attached through 4-1,6 linkages (Schwimmer and 
Burr, 1967). Starch content has been correlated with 
textural quality of cooked fotatoes by various workers. 
Their reports are somewhat contradictory. Unrau and Nyland 
(1957a, 1957k), for example, found high concentrations of 
amylose correlate with greater mealiness, while Bettelhein 
and Sterling (1955), on the other hand, found no 
relationship between the chemical nature of starch and 
potato texture. Barios et al. (1961, 1963) found a greater 
percentage of large starch granules to be associated with 
high specific gravity of raw potatoes and mealiness of the 
cooked product. Reeve (1967a) concluded that there are wide 
varietal differences in the relationship between starch 
characteristics and textural qualities, and even within one 


variety itself. 


Upon cooking of potatoes at temperatures of 190°F 
to 212°F all starch granules are rapidly gelatinized. As the 
process continues, some solubilized starch diffuses out of 
the cell through primary wall pits in the cellulose matrix 
(Reeve, 1954a). The tissue cells become distended by the 


swollen gel and tend to separate, particularly with "mealy" 
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tubers, due to the degradation of pectic substances between 
and in the cell walls (Reeve, 1967a). It was observed that 
potato tissue at this stage is relatively soft and flexible 
and lends itself tc cell separation by mashing without 


excessive damage. 


ee ee ee em ce ee 


Pectic substances are polymers of polygalacturonic 
acid in which the carboxyl groups are more or less 
methylated (Schwimmer and Burr, 1967). They occur without 
exception in and between the cell walls of photosynthetic 


green plants. 


Potter and McComb (1957) reported that the content 
of pectic substances in potatoes, based on the 
anhydrouronide content, ranges from 0.7 to 1.5% of dry 
weight of the potatoes. Sharma et al. (1959), on the other 
hand, reported the range of 0.8 to 1.5% based on fresh 
potato weight. Bettelheim and Sterling (1955) studied ten 
varieties of potatces and reported the uronide content to 
vary from 1.1 to 2.1% dry weight basis, whereas Jaswal 
(1969) studying low and high specific gravity potatoes for 
French fries reported the uronide contents to be as high as 
EeSaetorigsie cledryppotatoeweight.,; HOffsandsCastro..(1969) 
studied chemical composition of potato cell wall and 
reported that cell wall makes up 5-7.2% of dry weight of 
potatoes, and pectic substances make up 47.5-62.5% of dry 


cell wall, which would indicate that their tubers contained 
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between 2.4 and 3.9% pectic substances on a dry weight 
basis. Sharma et al. (1959) observed that pectin content of 
potatoes is related to their specific gravity and varies 
with different growing locations and cultural conditions. It 
would appear that the discrepancy in the reported uronide 
contents of potatoes are due mainly to the difference 
between the samples studied, while further differences may 
also have arisen from differences in the methods of analysis 


employed. 


Bettelheim and Sterling (1955) found no direct 
relationship between the characteristics of pectic materials 
and potato texture. Personius and Sharp (1939) found that 
the decrease in cell adhesion after cooking is caused by the 
weakening of intercellular cementing material of potato 
tissue. They reported also that pectic solvents and 
precipitants could be used to soften tissue enough to allow 
easy separation of cells. Linehan and Hughes (1969b, 1969d), 
on the other hand, after postulating that tuber firmness of 
the cooked potatoes depends on the intercelluar adhesion 
found no significant correlation between amounts of 
polyuronide and intercellular adhesion except in the samples 
with low amylose levels. They are of the opinion that 
intercellular adhesion is strongly related to amylcse levels 
in potatoes. Nevertheless, it can be concluded that when 
potatoes are cooked the tissue cells become distended by the 


swollen gel and tend to separate as pectic substances 


Ate oo a one 7 
*n Cegose> tao PEG. 7 ening 4 


ayeae Paw (rive | oa aq@ 2 
rie of 
‘> .enoht hes. lew /leo FRR 


® 


4 


rh FOR 1V Per teHneyT Bi r oo : juow 
en ri20  Sdy or ts Haid 
a AM ives Bewrrwes ifee 
se Seri 1s aohusu then sol weree ered gata 
Je a 
7 -berolgre 7 
. , 

a] 7 _ 

7 

oo _ 


nthe $6 copra ttedne rele Gee gaertqd 4 1 tanokesies 


ooo! cw Sorc’ PAPE ga kivece, Pea e > 7ttioares 


jal yw, TOTTORI tad?, fee witecass3. eap7aee ote hey She - 
o 


5 vad ‘ & eh edt> - ea Tu mit |) Eryn we « asrxed ait 


vieagee4e-in Goleeseee 
7 
nas G2egy<ne: aitaey Tece, a7" toi sojed “ret eve 


> pg@etas *%6.tesgerar weheaeges if 4 


Mele cf Qe GENCE SATIee BO Up! eV! AiG ea ee paghs 
eat a sssudw bane deve lf Aeoae: ro Re repaqee yams 
in canvass ovle- tela sxisaieiesy yeITs \Oies THES oa? te : 
sedeegh) wpiiameral Bhs Gh! anaes waitatoe beAOD et 
 otavesa — 4 eotteralsar rast Agy ti ta at 
oniqaes WM a) myers saqein ss hilietealiaed asian thea: 
- aed aoustes wet ial os. war  aiemtenamlnal a : 
phate 4 stipe =P or fe sai ak wantin: ~~ , dee 
Handnatnes sabes 


—~ 
aoe : 
a 


_ Rete Saat aniaes 


a 7 
tithe A _ 


22 


between and in the cell walls are at least softened, if not 


completely degraded (Reeve, 1967a, 1970). 


Pectic substances exist in two major forms: 
protopectin (Figure 2), which is the water-insoluble parent 
pectic substance which occurs in all plants and which, upon 
metallic ion displacement and restricted hydrolysis, yields 
pectin, which is composed of water-soluble pectinic acids or 
colloidal polygalacturonic acids (Figure 3) of varying 
methyl ester content and degree of neutralization (McCready, 


1970) . 


Protopectin can be subdivided into two fractions 


according to their characteristics of solubility: 


a. Protopectins that can be rendered water-soluble 
by treating with sequestering agents such as 
ethylenediaminetetraacetic acid (EDTA), tetrasodium 
ethylenediaminetetraacetate (Versene), ammonium oxalate, and 
sodium hexametarphosphate (Calgon). The presence of cations, 
especially Cat+, leads to insolubility of low-esterified 
pectic substances and reduction of swelling of the higher 
esterified pectic substances by forming primary and 
secondary bonding tetween the pectin chains. When these ions 
are sequestered the bonds are ktroken or weakened, resulting 
in pectins which are soluble in water (Doesburg, 1965; 


Linehan and Hughes, 1969c). 


b. Protopectins that cannot be rendered soluble by 


sequestering action. These may be strongly bound by 
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Figure 2. Model of protopectin according to 


Henglein (1958). (From Joslyn, 1962). 
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Fleure 3. Part of polyzalacturonic acid molecule, partly 
esterified with methanol (Doesburgs, 1965). 
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mechanical enmeshing of filamentous macromolecules of pectic 
substances one with another or with other polymers in the 
cell wall (Doesburg, 1965). They may, however, be extracted 
by strong acid such as HCl at an elevated temperature 


(Bettelheim and Sterling, 1955). 


In potatoes, the ratio of protopectin to pectin 
varies with variety, maturity, and cultural practice (Sharma 
et al., 1959; Bettelheim and Sterling, 1955; Linehan and 
Hughes, 1969b). This ratio changes on prolonged storage at 
low temperatures (e.g. 42°F) or on storage at higher 
temperatures (up to 75°F) for shorter periods of time 
(Sharma et al., 1959) as the protopectin is gradually 


changed into water soluble forms such as that which occurs 


in ripening fruit. 


When the potatoes are cooked the heat energy is 
thought to disrupt or weaken some of the bonds in 
protopectin molecules (Reeve, 1967a) resulting in the 
increase in water-soluble fraction of the pectic substances 
(Bettelheim and Sterling, 1955; Jaswal, 1969). More work 
needs to be done, however, to elucidate the changes in 
pectic substances taking place during the course of 


processing. 


Tit. MASHING AND POTATO FIRMNESS 
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Mashing is one of the most critical steps in 
processing of potato granules in that it determines the 
extent to which the cooked potato cells are separated and, 
consequently, the extent of damage sustained by the 
separated cells. The ease with which the cooked potato 
tissue can be mashed depends largely on the variety, 
specific gravity, starch content, and anatomical parts of 
the potatoes. The literature pertaining to mashing has been 
adequately reviewed by Reeve (1954a, 1959, 1970), Schwimmer 


and Burr (1967), and Linehan and Hughes (1969a). 


Methods and conditions under which the cooked 
potatoes are mashed differ somewhat from one processing 
technique to the other. Greene et al. (1948) suggested 
separating the cells after they are cooked, frozen, thawed, 
and pressed or centrifuged. They reported that the damage 
sustained by the cells was minimized if the potatoes were so 
treated. Olson and Harrington (1955) suggested mashing with 
a high speed, planetary type mixer for a short duration and 
at relatively high product temperature to reduce mechanical 
damage to the cells. They also reported that in the add-back 
process, the immediate addition of the seed granules reduced 


product damage. 


Harrington et al. (1959) reported that slow 
mashing of the fresh hot pctatoes without add-back quickly 
produces a sticky mash. They recommended mash-mixing of hot 


cooked potatoes and seed granules in a covered container to 
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reduce damage. They also reported that mixing at room 
temperature produces more fine granules of high density than 
mixing at high temperatures but rapid cooling before 


completion of the mashing is very damaging. 


Willard (1967) was of the opinion that potatoes 
have always been cooked wrongly because the high solids 
portions in the outer layers of the tuber (which require 
least heat treatment) have been receiving the most heat, and 
the center portions (which require the most heat) receive 
the least. He patented a method and equipment which combines 
cooking and mashing together by subjecting the potatoes 
which are being cooked to a continuous maShing action across 
a mashing cage which is made up of elongated parallel rods 
or wires. He claimed that with this method every part of the 
potatoes receives the optimum amount of heat treatment when 
mashed, and that the cooking time can also be reduced 


considerably. 


Many other cooking and mashing methods have been 
suggested in the literature (Greene et al., 1948; Hendel, 
1962; Griffon, 1969; Beck and Rainwater, 1969). However, no 
adequate explanation of the effect of different methods of 
mashing or of the effect of temperature of the cocked 
potatoes during mashing on the ease of mashing and extent of 


damage to the potato cells has been put foreward. 


2. Potato firmness 
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Mashing essentially involves the application of 
compressive and shear forces to the cooked potatoes so that, 
in effect, the individual cells can be separated from one 
another. The amount of force applied depends largely on the 
resistance of the material. In the case of cooked potatoes, 
this depends on the binding strength between the cooked 
cells. This strength may be collectively described as 
hardness or firmness of the cooked potatoes. The strength of 
the cell wall, on the other hand, determines how much force 


the cells can withstand without sustaining excessive damage. 


Attempts have been made to measure the strength of 
both raw and cooked potato tissue, and to correlate it to 
the culinary quality of the cooked potatoes. Sharma et al. 
(1959) used a penetrometer to measure the firmness of the 
soft- and hard-cooking potatoes. They found that the 
pressure resistance of the tubers which remain hard after 
normal cooking is several times higher than that cf the 
soft-cooking tubers. Le Tourneau et al. (1962) used the 
extent of sloughing, which is expressed in terms of amounts 
of cooked potato tissue retained on No. 10 sieve after 
lowering and raising ten times in distilled water, to 
measure the textural quality of the cooked potatoes. They 
reported a high correlation between sloughing and the 
subjective scoring method. Linehan and Hughes (1969a) 
pointed out that the firmness in the tubers is directly 
correlated with their starch content which varies from one 


variety to another and even between different regions of a 
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tuber of the same variety, and also with their intercellular 
adhesion. The same authors (1969d) used a simple puncture 
tester and the Wolodkewitsch tenderometer (Grunewald, 1957) 
to measure the firmness of cooked potatoes and concluded 
that there is no significant difference in the results 
obtained from the two methods, and that the results 


correlate firmness with the intercellular adhesion. 


Bourne (1966) studied various parameters involved 
in a simple puncture test and showed that the force required 
to puncture a food depends cn the area and perimeter of the 
punch and on the compressive strength and the shear strength 
of the food being tested. In 1969 de Man used a Kramer shear 
press and puncture tester tc study the texture of raw Netted 
Gem potatoes and reported that shear force is directly 
related to sample weight, and that the rate of shear also 
had a significant effect on shear force when the Kramer 
shear press was used. Voisey et al. (1969) using puncture 
and compression tests to study raw Netted Gem pctatoes from 
various locations as related to the quality of French fries 
made from them concluded that there is no significant 
difference in the results obtained from either of the tests. 
They reported, however, that elastic properties of the 
potatoes vary widely between and within tubers and thus 
careful selection of samples for the tests is very 


important. 
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cooked potatoes on mashing and the resultant product is 
necessary so that optimum conditions for the mashing step 
can be determined, and hence it is desirable that mashing 
process be studied, so that the important parameters 


involved can be identified. 


IV. ADDITIVES IN POTATO GRANULE PROCESSING 


Food additives have been commonly used in 
production of potato granules to improve product guality. 
There are four major categories of problems encountered both 
during processing and on storage of the product, viz. 
enzymic and non-enzymic browning, after-cooking darkening, 
oxidation, and textural quality, for which additives are 


used. 


Sulfur dioxide or ccmpounds that evolve sulfur 
dioxide, e.g. sodium bisulfite and sodium metabisulfite are 
commonly used to prevent enzymic and nom-enzymic browning as 
well as after-cooking darkening. Chelating agents such as 
EDTA and some other chemicals such as sodium gluconate, 
sodium acid pyrophosphate, are also used to prevent the 
appearance of after-cooking darkening. Smith (1968) has 
adequately reviewed literature pertaining to the nature and 


prevention of these two categories of the problems. 


The fat content of the potatoes is only about 0.3% 
(dry basis), but due to its high degree of unsaturation 


oxidative rancidity is an important factor in limiting the 
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shelf-life of potato granules (Smith and Davis, 1968). 
Butylated hydroxyanisole (BHA), butylated hydroxytoluene 
(BHT), propyl gallate, citric acid, and other classes of 
antioxidants are normally added to the product to prevent 
the occurence of oxidative rancidity during the storage of 
the product (Smith and Davis, 1968; Boyle, 1967; Pader, 
1962) . Packaging of the product under an atmosphere of 
nitrogen is also used commercially to control the oxidative 


deterioration (Drazga, 1964; Boyle, 1967). 


Textural quality of the product when reconstituted 
is probably the single nost important characteristic of the 
product. The reconstituted potato granules should have a 
"mealy" texture, be free frcem pastiness or lumps, and should 
be smooth, i.e. the texture should resemble that of freshly 
mashed potatoes (Severson et al., 1955; Willetts and Rendle, 
19483) Bendel tet al 1961; ihendel etials, 1962b; Pader, 
1964). Though great care is taken during processing of the 
granules to minimize cell damage so that pastiness in the 
reconstituted product is reduced, the product oktained fron 
most processing technigues still lacks some of the desired 
characteristics. Certain kinds of food additives have thus 
been introduced into the product, mostly during the 
processing, to improve its textural quality. Severson et al. 
(1955) noticed that addition of 0.25% dry basis of glycerol 
monolaurate during the mixing step improves the texture of 


the product. Harrington et al. (1960) reported that glycerol 
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monostearate either incorporated during the process or added 
to the dried granules also improves the texture of the 
reconstituted product. Smith and Davis (1963) okserved that 
addition of sodium acid pyrorhosphate at various locations 
in the processing line increases mealiness and prevents 


after-cooking darkening. 


Numerous patents have been issued concerning the 
use of food additives, particularly the surface active 
agents (surfactants), in processing of potato granules to 
improve their textural quality. Hendel et al. (1962) 
patented the use of gums such as carrhagheen, algin, pectin, 
guar, arabic, tragacanth, agar, locust bean, acacia, and 
other natural edible polysaccharide gums, together with 
surfactants such as sodium or calcium stearate, glycerol 
monostearate, to impart mealiness and smoothness to the 
product. Pader (1962) patented the use of nonfat milk solids 
and distilled monoglyceride to improve the texture of the 
product produced from potatoes with low solids content. 
Pader (1964) used edible monoesters of a polyhydric alcohol 
and a saturated fatty acid such as stearic or palmitic as a 
means to produce potato flakes with higher bulk density 
without sacrificing its desirable rehydration properties. 
Hale et al. (1961) sprayed the "texture improver", which is 
usually a surfactant such as glycerol monopalmitate mixed 
with hydrogenated vegetable fat, on to the dried flakes to 
improve the textural quality cof the product. Weiner and 


Hegarty (1969) patented the improvement of whipping 
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properties of a mashed potato product by incorporating 


monoglycerides and salts of iactylic acid esters. 


Some manufacturers add guantities of skim milk 
powder as a texture and flavor improver, and the effect of 
the milk powder on the texture may be due to surface active 
components in the added powder. The mode of action of 
surfactants in improving texture is not well understood and 
hence studies of the effects of surfactants on the two 
important components of potato tissue that control the 
texture of the product, viz. starch and pectic substances, 
are necessary in order to understand this phenomenon, and to 
determine the optimum levels of surfactants that should be 


used. 


1. Effects_of surfactants_on starch 


—- 


Manipulation of the starch fraction in cooked 
potatoes during precessing cf potato flakes or granules has 
been extensively studied and applied in practice with 
considerable success. The most common methods of starch 
manipulation used in the processes such as the add-back 
process are pre-cooking (Reeve, 1954b; Harrington et al., 
1959; Potter et al., 1959), and conditioning or tempering of 
the moist mix at low temperature (Olson and Harrington, 
1955). All these methods are aimed at producing physico- 
chemical changes in the starch gel in cooked potatoes, 


namely retrogradation (Olson and Harrington, 1955), through 
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which the gel becomes less sticky and less scluble. 
Granulation is then easier to accomplish, and an improved 


texture of the product is achieved (Potter, 1954). 


Retrogradation is a process whereby starch in the 
dissolved or hydrated state reverts to a water-insoluble 
form (Foster, 1965). It arises from the inherent tendency of 
starch molecules to bond with cne another leading to an 
increase in crystallinity (Collinson, 1968). Retrograded 
starch, as well as retrograded amylose, is microcrystalline 
and normally exhibits the B-type X-ray diffraction pattern 
(Foster, 1965). Solutions of starch which have aged at room 
temperature or lower, undergo retrogradation, the process of 
which may be hastened by freezing the aqueous solutions; in 
this way, ordinarily stable solutions may be forced to 


retrograde (French, 1950). 


French (1950) also reported that although some 
amylopectin preparations have a tendency to retrograde from 
solutions, the property is greatly exaggerated in pure 
amylose solutions. He also suggested that retrogradation can 
take place even in the solid state, (as in the staling of 
bread); and that the retrogradation can be arrested by 
swelling agents, by keeping the preparations above room 
temperature, or by removing their moisture. Potter (1954) in 
his study on changes in physical properties of starch in 
potato granules during processing reported that as moisture 


content of the potato decreases, rate of retrcegradation 
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increases until there is about 30% water. Below this the 
rate begins to decrease until about 15% water where there is 
no measurable change in the rate of retrogradation. He 
concluded that the changes in the physical properties of 
starch play an important role during the tempering period in 
the production of potato granules, making the potato tissue 
more friable, and hence more suitable for the subsequent 


granulation. 


The dependence of the rate of retrogradation on 
moisture content of the gel has also been demonstrated by 
Hellman et al. (1954) who showed that the rate is greatest 
between 30% and 60% moisture. This fact has been 
successfully utilized in the production of potato granules. 
It has been shown that granulation is improved by decreasing 
the moisture content of the mcist mix, in the case of the 
add-back process, to the range of 45 to 35% (Clson et al., 
1953). In this moisture range, the quantity of unretrograded 
amylose is significantly reduced during the "conditioning" 


period and the cells are therefore bound less strongly. 


Ancther important property of starch, particularly 
the amylose fraction, is its ability to form "“clathrates" 
With iodine and fatty acids. This class of compounds has 
been described as "non-stoichiometric compounds", cr 
"inclusion compounds" (Birnbaum, 1963). The clathrates are 
formed with two distinct components: the host and the guest. 


The guest is retained in closed cavities or cages provided 
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by the crystalline structure of the host. The two components 
do not react chemically with each other. The host does not 
always consist of an ideal crystalline structure with an 
orderly lattice, but can, in certain cases, assume the form 
of channels which are open at both ends, permitting the 
guest molecules to lie within the channels, held in place by 


van der Waal‘'s forces of attraction (Birnbaum, 1963). 


In the case of starch, the linear fraction or 
amylose acts as a host forming a helical configuration to 
enclose the guest molecules. This phenomenon is strongly 
supported by evidence from selective precipitation and X-ray 
diffraction techniques (Radley, 1968; Birnbaum, 1955; Senti 
and Erlander, 1964). The complex formed between amylose and 
either iodine or the fatty adjunct is found to give the V- 
type X-ray powder pattern (Eirnbaum, 1955; Senti and 
Erlander, 1964). In their review Hollo and Szeitli (1968) 
stated that in aqueous solution the amylose molecule forms a 
random coil which consists cf linear segments of helical 
structure built of 2-20 helical turns, all of which contain 
6-8 anhydroglucose units. The same authors also suggested 
that the amylose in aqueous solution forms inclusicn 
complexes only when the H-bonds exist between primary and 
secondary hydroxyls in neighboring turns. Retrogradation can 
thus occur only if these bonds are split and reformed 


between various molecules, or within the same molecule but 


not between the neighboring turns. 
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This phenomenon has been extensively studied in 
connection with the staling of bread and its prevention. 
Various kinds of surfactants which can form clathrates with 
starch have been widely used to prevent or retard staling of 
bread which is the result of retrogradation process of the 
amylose fraction (Osman et al., 1960, 1961; Birnbaum, 1955, 
Toa esp ieeMaCUOnhal da potooo. B1tOn, = 19G 77 tuongn,. 1961s 
Yasunaga et al., 1£68). In his review MacDonald stated that 
the amylose fraction which is dispersed throughout the bread 
structure sets up a rigid gel network after cooling of the 
bread and gives a hardened, leatherly texture on staling. If 
the amylose forms clathrates, as when the surfactants are 
used, it will be prevented frem forming the rigid network 


leaving the bread deformable and plastic even after storage. 


It is believed that similar situations prevail 
when surfactants are used in the production of potato 
granules or flakes. The amylose fraction that may have 
diffused out from the gel matrix of the broken cells, or 
through the minute pits on the wall of intact cells, will 
form clathrates with the added surfactants. This formation 
of clathrates prevents the amylose from forming strong 
intercellular bonds, and hence the cells can be separated 
more easily in the mashing and granulation steps. Further, 
when the dried granules are reconstituted the released 
starch which may have accumulated during processing will be 
prevented from causing pastiness. The texture of the 


reconstituted mash will thus be desirably mealy. 
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Furthermore, the hydrophilic nature of the surfactants used 
will increase the wettability of the granules enabling then 


to reabsorb water more readily and uniformly. 


The choice of the surfactants used is also 


important. Osman et al 


e 
——— 


(1960, 1961) showed that 
monoglycerides are the most effective clathrate-forming 
agents while di~ and tri-glycerides have little or no effect 
on the starch gel. They also showed that monoglycerides with 
different fatty acids differ in their effectiveness in 
forming complexes with amylose, with polyoxyethylene 
monostearate (MYRJ 52) being the most effective. Birnbaum 
(1971) in his review, on the cther hand, reported that 
glyceryl mnonopalmitin is the most effective starch complexer 


with glyceryl monostearate keing the second most effective. 


Osman et al. (1961) studied the iodine affinity of 
amylose, using eighteen surfactants, and reported that all 
surfactants with the exception of the diglycerides and 
hydrogenated soybean oil greatly reduce the iodine affinity 
of amylose. They also found that the reduction of the 
affinity is directly related to the percentage of the 
monoglycerides added. This report is in agreement with the 
works reviewed by Gracza (1965) who stated that iodine 
absorption of corn amylose can be blocked entirely by 10% 
palmitic acid; and that of Radley (1968) who stated that A 
fraction starch adsorbs fatty acid in preference to iodine. 


Senti and Erlander (1965), however, observed that in the 
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non-aqueous state most of the fatty acid in the complex is 


displaced on exposure to iodine vapor. 


The concentrations of surfactants added by various 
workers appear to have been chosen arbitrarily, rather than 
by a systematic study of the effect of concentration of the 
surfactant on the amount of starch gel in the mashed 
potatoes. Further, it is not known whether the effects of 
freeze-thaw and surfactants are additive, and hence more 


work is required in this area. 


It has been shown that pectic substances in 
potatoes become more water-soluble during cooking thus 
facilitating cell separation during mashing. No hypothesis 
Or experimental evidence, however, has been put forward to 
show what chemical or physical changes take place in pectic 
substances if surfactants are added to the potatoes during 
mashing. The effects of surfactants on pectic substances, 
particularly the water-soluble fraction, should thus be 
investigated in order to understand more clearly the 
beneficial effects obtained frcem the addition of surfactants 


in processing of potato granules. 


The water-soluble pectic substances are colloidal 
polygalacturonic acids of varying methyl ester content and 
degree of neutralization which are capable of forming gels 


under suitable conditions (Doesburg, 1965). The galacturonic 
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moieties in the pectin chain are linked together by 4-1,4 
linkages similar tc those in amylose chain (Meyer, 1960). 
The gel formation of the pectins is also quite similar to 
that of amylose. The pectin swells and slowly dissolves in 
cold water. The process is hastened by heating and 
agitation. The dissolved pectin forms a viscous colloidal 
solution which flows readily at ordinary temperatures 
(Priest and Setori, 1951). Lampitt and Money (1937) reported 
that the strength of pectin gel varies with temperature, 
acidity, concentration of the pectin, and concentration of 
sugar added. The strength increases with decrease in 
temperature; it remains relatively constant at pH 1-3 then 
drops sharply at higher pH's; it increases with the increase 
of pectin concentration, and increases with the amount of 


sugar added. 


The water-soluble pectins between and within 
potato cell walls, which have been increased as a result of 
cooking, will form a gel network when the mashed potato is 
cooled to the setting temperature of the pectins. The result 
is a stiff mass which will be difficult to break up in pre- 
drying and granulation stages without further treatment such 
as freezing and thawing. Surfactants help reduce stiffness 
of the mass by complexing with the starch fraction, and may 


also affect the pectin fraction. 


It is difficult, however, to study these 


hypothetical effects separately within the mashed potatoes 
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per se, hence a model system of pectin gel, using 
commercially available pectins, is probably the simplest way 
of investigating the phencmenon. Two major kinds of pectins 
are available commercially, i.e. rapid-set powder pectins, 
and slow-set pcewder pectins (Olliver et al., 1957). The 
rapid-set pectins are those with setting teperatures between 
approximately €5° and 95°C, whereas slow-set pectins are 
those with setting temperatures below approximately 70°C. 
The same authors reported difficulties in obtaining 
reproducible results when grading the rapid-set powder 
pectins. They found that the problem could be overcome by 
adding surface-active agents such as Teepol or fruit juices, 
but offered no explanation as to how they affected the 
pectins. This would indicate that the slow-set pectin is 


more likely to be satisfactory in a model system. 


V. FREEZING AND THAWING 


ee ee ea a a ee 


It may be that the success of the pre-drying and 
granulation steps will be strongly dependent on the freezing 
and thawing treatment of the mashed potatoes, the effects of 
which will also be clearly reflected in the textural quality 


of the reconstituted product. 


The beneficial effects of freezing and thawing in 
potato granule production have long been recognized. Rendle 
(1945), in his patent of the add-back process, introduced 


freezing and thawing of cooked potatoes prior to the 
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admixing as an optional step. He found that when the mashed 
potato is frozen and immediately allowed to thaw the 
resulting product is more granular and less gelatinous in 
texture than when freezing is ommitted. Bostock (1945) 
patented a technique for dehydration of potato powder based 
on his discovery that when the cooked mashed potatoes are 
frozen and then thawed at a temperature slightly above 0°C, 
the water is more loosely held by starch granules or by the 
cells, and a substantial portion of the liquid can then be 
separated mechanically, e.g. by pressing and/or 
centrifuging. Willetts and Rendle (1948), and Rivoche (1950) 
combined the technique patented by Bostock (1945) with the 
add-back process to reduce the amounts of the add-back seed. 
Greene et al. (1949) improved Bostock's technique by drying 
the dewatered potatoes to akout 35-45% moisture before 
granulation to produce a finer powder. Greene et al. (1948) 
reported that two results are achieved by freezing the 
cooked potatoes, i.€. a remarkable toughening cf the cell 
wall occurs, and approximately 50% of the moisture in the 
potatoes can be removed by fressing or centrifuging. They 
found that the macrostructure of the cooked potatoes was 
greatly altered by freezing and thawing, but the cells 
appeared unchanged and no ruptures were encountered. Neither 
rate nor temperature of freezing were found by these authors 
to affect the potato celis, but the time for which the 
frozen potatoes were held in the frozen state had a marked 


effect on the quality of the reconstituted prcduct. They 
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reported grainy or gritty product produced from the potatoes 
that were held frozen for several days. Longree (1950), on 
the other hand, found cottoniness in the texture of 
reheated, frozen pctatoes if freezing rate was slow. 
However, she found only slight change in the texture of 
quick-frozen potatoes after two months storage. Harrington 
et al. (1951) reported that slow freezing, and quick 
freezing followed by slow thawing have the same effect of 
causing a freezing-out of water from the solublized starch, 
and a firming of the potato structure. Hall (1953) studied 
the freezing rate of cooked potatoes and reported that slow- 
freezing can liberate 10% more mcisture from the pctato 
cells than quick-freezing, and that neither the freezing 
temperature nor the length of time the potatoes are held in 
the frozen state has any further effect on the amount of the 
water expressed. Reeve (1954c) reported that siow-frozen 
cooked potatoes have a slightly greater porosity when dried 
than the gquick-frozen ones, and that freezing and thawing 
alter the moisture-reabsorbing capacity of the starch gels. 
Lazar et al. (1964) also agreed that the length of time the 
potatoes remain frozen is not critical in the effects of 
freezing and thawing. Potter (1954) and Reeve (1969) 
concluded that low temperature treatment of cooked potatoes 


results in retrogradation of starch gel. 


Though it has been shown by some workers that the 
rate of freezing is not of great importance to the 


effectiveness of the treatment, it is believed, however, 
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that at least a mcderate rate rather than rapid rate should 
be used for the processing technique being investigated. It 
is believed that with a moderate rate of freezing (e.g. in 
an air blast freezer at -10° to -20°F), sufficient water 
diffuses out of the cells into the intercellular voids while 
being frozen to permit rapid pre-drying, but that with very 
rapid freezing the amount of water diffusing from the cells 
is much less. The ice crystals formed by the moderate 
freezing rate should be sufficiently large to create minute 
passages through the cell walls to facilitate rapid drying 
in the subsequent drying steps and, consequently, give a 
faster reabsorption rate of the product when reconstituted. 


Vi. PRE-DRYING, GRANULATION, DRYING, COOLING, 
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1. Pre-drying and granulation 


It has been established that moisture content of 
the cooked mashed pcectatoes has to be reduced fren 
approximately 7€-80% to about 35-45%, preferably less than 
40%, before the mash can be successfully granulated to a 
fine powder without excessive cell damage (Volpertas, 1944; 
Rendle, 1945; Willetts and Rendle, 1948; Rivoche, 1950; 
Olson Fe tyaliqu 1953 jaCooley et ali. 19547 7Necisetealsa A954; 
Potter, 1954: Glson and Harrington, 1955; Severson et al., 
1955s 9Harrington et als,.1959; Hendel et al., 1961; Lazar et 
al., 1964). Various techniques have been used to reduce 


moisture content of mashed potatoes to the desirable level. 
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These techniques include recirculation of the dried granules 
to mix with the freshly mashed potatoes as in the add-back 
process; freeze-thaw and press technique together with a 
reduced amount of add-back granules; and vacuum drying 
technique. More recently, partial drum drying and partial 
belt drying were introduced as pre-drying techniques in the 
direct process (without add-back) for potato granules 
(Hendetmeteal 7219615) Lazar et ai., 1964)57 an this process 
the mashed pcetatoes are partially dried on either a drum 
dryer or a belt dryer until their moisture content is 
reduced to about 60%. The partially dried potatces are then 
subjected to cooling and conditioning at low temperatures 
ranging from 100°F down to subfreezing. The conditioned 
potatoes are then granulated and dried through a critical 
moisture range of 50-35% in a specially designed 
“granulator-dryer". The granulator-dryer is a trough or U- 
shaped chamber with a longitudinal shaft with extended arms 
which carry a blade made of flexible material. When the 
shaft rotates, the blades wipe against the bottcm of the 
trough. When the ccnditioned potatoes are charged into the 
trough they are subjected to continuous mild compression and 
shearing as the shaft rotates at about 5 rpm. The potatoes 
are granulated while their moisture is being reduced through 
the critical range by a stream of warm air which is blown 
through the length of the trough. The granulated pctatoes 
may be dried in the same trough with air of higher 


temperature, or they may be blown over into another dryer by 
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a stream of air at higher velocity. The inventors claim that 
a high quality product is obtained with this processing 


technique. 


It is apparent, however, that the above technigue 
requires several steps of pre-drying, conditioning, further 
drying and granulation which require separate processing 
Operations. The time required fer conditioning, and drying- 
granulating, though substantially less than that in the add- 
back process, may still be sufficiently lengthy to allow the 
development of both undesirable chemical reactions and 
microorganisms. Furthermore, the process depends to a great 
extent on the quality of raw material and its previous 
treatment, e.g. special steam-cooking method which requires 
relatively precise combination of temperature and time, for 
the success of the subsequent granulating-drying. 
Nevertheless, the process is a considerable improvement over 
the add-back process in that it requires no recycling of the 


dry product. 


2. Drying and cocling 


—_ 


Drying in the processing of potato granules is 
generally accomplished in two stages which involve two types 
of drying equipment, viz. pneumatic or air-lift dryer and 
fluidized-bed dryer (Olson et al., 1953; Neel et ale, 1954; 


Cooley et al., 1954; Olson and Harrington, 1955; Severson et 


ale, 91955; eharringtonm et al., 1959). In most cases, the 
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granulated potatoes are dried in the air-lift dryer to about 
12% moisture, and finaliy dried to about 6% moisture in the 
fluidized-bed dryer towards the end of which the product is 


cooled to approximately rocm temperature. 


The air-lift dryer consists, generally, of a main 
riser which is a round drying column about 30 ft high, an 
inverted truncated cone extending from the riser called a 
diffuser which is about 10 ft tall, a deflector above the 
diffuser to redirect the flow cof the granules and, a 
separator body which is the main chamber housing the 
deflector, the diffuser, and part of the riser. The 
granulated potatoes are fed into the riser through a 
vibrating feeder and are carried upward by a hot air strean. 
The velocity cf the hot air stream is 1,500-2,000 ft/min 
with a temperature of about 375°F. The air velocity is 
reduced to about 280 ft/min in the diffuser, and further 
reduced to about 45 ft/min at the deflector. The 
substantially dried product then travels downward to the 
bottom of the separator body and is collected through an 
annular collector while the moist air is exhausted through 


the outlet at the top of the separator body. 


The granules from the air-lift dryer are then fed 
into a fluidized-bed dryer. The air at 70°F, and velocity of 
approximately 10 ftymin is hlown through the bottom of a 
plate. Upon emerging from the upper face of the plate, the 


air separates the granules and moves them in such a manner 
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that the bed of granules behaves like a boiling liquid. The 
dried product moving in a hcrizontal direction is discharged 
over a weir at the other end of the dryer and may be further 


cooled in ancther unit of fluidized-bed dryer. 


Dehydrated potato granules were developed 
with the aim of producing a guality product with high bulk 
density to save packaging, storage, and shipping costs. High 
bulk density is achieved by producing the finest possible 
granules. In the early develogment of the processing 
techniques it was not possible to subdivide the mashed 
potatoes into fine granules of essentially unicellular 
units. The product was generally sieved through 12-20 mesh 
sieve (Barker and Burton, 1944; Rendle, 1945; Greene et al., 
1948; Rivoche, 1950). With further development, particularly 
with the introduction of the add-back process, it became 
possible to produce much finer granules, generally smaller 
than 60 mesh size, as the bigger particles could be recycled 
(Olson and Harrington, 1955; Neel et al., 1954). Cooley et 
al. (1954) found, however, that although the bulk density of 
smaller granules is higher, the rate of drying rather than 
the granule size is responsible for the important variations 
in bulk density. They found that the granules dried at 


slower rates have higher bulk density. Lazar et al., (1964) 


reported that with their direct processing technique the 
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bulk density of the granules can be varied from 0.4 to 0.9 


ga/ccs 


b. Moisture content of the product 


In general fractice, the moisture content of 
the granules varies from 4-7%. From the standpoints of 
economic feasibility and product quality, however, the ain 
is to produce the granules with about 6% moisture. Strolle 
and Cording, Jr. (1965) studied moisture adsorption 
characteristics of potato flakes and calculated their 
monolayer moisture contents to Le between 5.1-5.8%. They are 
of the opinion that this moisture range is a gcod first 
target for good storage stability of dehydrated potatoes as 
the values agree well with data obtained from storage tests. 
They also found that this range of monolayer moisture is 
independent of variety and gecgraphical origin of the 


potatoes. 


The proportion of broken cells in mashed 
potatoes is a relatively reliable indication (pastiness) of 
the reconstituted textural guality of the product (Greene et 
al., 1948; Hall and Fryer, 1953; Reeve and Notter, 1959; 
Reeve, 1963). Greene et al. (1948) reported that 
reconstituted potato granules with 20% broken cells were 


very pasty; those with 10-12% broken cells were average in 


pastiness; and those with 6% and lower were ranked superior 
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with no apparent pastiness. Hall and Fryer (1953) developed 
a Simple method for microscopic count by stirring a small 
quantity of potato granules in boiling water (5 gm/200 ml) 
and using a few dreps of the suspension to prepare a slide 
for microscopic examination. The counting of the broken 
cells was facilitated by staining the sample with dilute 
iodine solution. Reeve and Notter (1959) in their attempt to 
improve the method, however, argued that diluting the 
product with boiling water was undesirable as in general 
practice most of the products were reconstituted with water 
or mixture of water and milk at lower temperatures. They 
also contended that cell rupturing may continue during the 
microscopic examination if boiling water was used. In their 
improved method, they advocated the use of hot water of 
1309-1409F for the purpose. They also found that in dilute 
suspensions the celis do not stain uniformly with iodine 
solution, and that excessively stained starch may obscure 
some of the ruptured cells. They emphasized the importance 
of the observer's ability to recognize a ruptured cell in 


making these counts. 


VII. PRODUCT QUALITY 


The flavor of the reconstituted dehydrated mashed 


potatoes should be characteristic of freshly cooked potatoes 


and should not vary significantly from one product to 


a _ 


pexotersd ii aoesy th < ites te 
‘toned @ palvaise ya nites 4p pam a: : t 
sta RAO % teray anne eas se arEtoy te te asig 
ettia a C1a4eCQ ©) <n ANSE AD vst ad sudais bar 7 i 
ts Heigsd (Gd) TO | 11 ones sit cacptedinss si gums ke 102 \ 
ag4l20 aisiv elgnan 441 pobnsadenys Paras Linet saw wtton’ © : 


. a p>) 
* seeerenp thed? vi (0°?) CPetae oe srolstvion @@thok .° 


ay FqeeT? 7 
ads qaisvich tate Poet.  Tevece , ool sos et ale ol 


ten2080 ‘ai Lt{esioohead @88 2)78P eaitted ie so be LU 
_ 


sages dots bern tlhevatoes “aye > hyp bay tO Sane oot romng: _ 7 


€ » 


peat vagina) seusl ae ithe oes s96u ia ~ ed _ 

= wai: s ‘avaltapo che oabies_¢e7 Digd iad? D2 asad, BOKS > 

iad? nt . bedi pen Toran Qailie +i aab¥eaiaaze Tignes 
a -yenew 20d (6! eer BHD Belaporte 7 Ag yeotses Savorqee 


# vp on) 


aeshs® Wi tad? badd oat (es? |. 20097"4 a4? 302 oar eeaer 


- = 


_ 


a 
puntaeed) odd Ceeideages ysdz .2dia> Serpsqvs O46? 10. suod = 


b- > ‘ 
wwiteb 49te) Ufasomiatt ehate sac 08 zileo pds volnargare 
? 


eauonim yee Aotesa beviete claviessocs ssdz bea eed 7 
a 


es , se 
a ‘ Pe) : > ; 
ab Siva FOTW): 8 @edapooss ae (Jenne +' tevaeed0 od? i 
' 


«#20902 enen? eaten 


- 


— - 


a - a 
7 “fea sapenh'y ay feu or 
arenes beng t 
44- > 2: 


- 
7 ‘Te 


50 


another. Cooked or Eurnt flavors should not be present, nor 
should off~flavors be allowed to develop during storage. A 
further source of flavor modification is that in some 
processing techniques surfactants and other food additives 
are added to the potato during processing to the point that 
the characteristic flavor of the reconstituted prceduct is 
Significantly different from that of freshly mashed 
potatoes. For example, appreciable amounts of skim milk 
powder may be added to the product either during or after 
the processing with the intention of improving the product 
texture as well as its acceptability, and the resulting 
flavor may be objectionable to some. In general, flavor of 
reconstituted potatoes has not been a difficult attribute to 
control, although processes in Which some of the soluble 
solids are removed before drying (as in the "freeze and 
squeeze" process) have failed because of inferior flavor 


characteristics. 


2. Texture 


Textural quality of the product is the major 
characteristic that determines its acceptability, and is 
much more difficult to control than flavor. Much study has 
been done, both subjectively using texture panels and 
objectively using instrumental texture measuring devices, 
and quite a number of textural parameters have been used as 


indicators of the quality of the product. 
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Textural evaluation of mashed potatoes by sensory 
means has been consistently employed in the past in the 
development of processing methods as well as quality control 
of the product: (Cison* and Harrington; 1955). The textural 
characteristics of the mashed potatoes, however, have been 
rather loosely defined, and this has sometimes led to 
confusion in determining the guality of the product. Wood et 
al. (1955) used rubberiness of the reconstituted potato 
granules to judge their textural quality. The least rubbery 
product was judged the best. Mackey and Stockman (1958) 
judged mashed potato samples for their mealiness, dryness, 
and smoothness the highest of which designated the best. 
Kuhn et al. (1959) scored the mealiest mashed potatoes as 
the most desirable, and the soggiest the least desirable. 
Zaehringer and Le Tourneau (1962), and Cunningham et al. 
(1966) reported that mealiness in the mouth, and mealiness 
on mild mashing with a fork were the most Sensitive methods 
for evaluation of the texture of cooked potatoes. Szczesniak 
and Kleyn (1963) reported that the typical descriptive words 
used to describe texture of mashed potatoes among 300 people 
they interviewed were creamy, fluffy, smooth, soft, and dry. 
None of these terms used were further defined by the 
authors. It appears, however, that all workers agree that 
mealiness, dryness, and smoothness are desirable 


characteristics, whereas rubkberiness and sogginess are 


undesirable. 
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Szczesniak (1963) attempted to classify textural 
characteristics of various foods and correlate the textural 
parameters to the popular romenclature. The textural 
Characteristics were grouped into mechanical, geometrical, 
and “other characteristics". Mechanical characteristics were 
defined as the reaction of the food to stress which could be 
measured organoleptically by pressure exerted on the teeth, 
tongue, and roof of the mouth during eating. Geometrical 
characteristics were referred to the arrangement of the 
constituents of the food, and are reflected mainly in the 
appearance of the food product which is mostly sensed 
visually, though scme can be sensed orally through the sense 
of touch and pressure. Other characteristics were defined as 
mouthfeel factors that could not be easily resolved on the 
basis of mechanical and geometrical properties. These 
characteristics were divided further into primary and 
secondary parameters. Mealiness which is a popular term, for 
example, was related to the secondary parameter of 
gumminess, and primary parameters of hardness and 
cohesiveness; and stickiness was related to the primary 
parameter of adhesiveness. Foth mealiness and stickiness are 
classified as mechanical characteristics. Graininess and 
coarseness were related to the class of particle size and 
shape under geometrical characteristics; whereas dryness and 
wateriness were related to the primary parameter of moisture 


content (classified under "cther characteristics"). 
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It would appear then that there are three terms 
that may describe the main textural characteristics of 
mashed potatoes, viz. firmness, smoothness, and glueyness. 


These may simply be defined as follows: 


i. Firmness, defined as ease of teeth 
penetration into the sample and the breakdown of the sample 


on chewing thereafter. 


ii. Smoothness, defined as mouthfeel on 


chewing. 


iii. Glueyness, defined as elastic response on 
chewing and tendency of the sample to stick to teeth or 


gums. 


The methods used most frequently for subjective 
assessment of texture of mashed potatoes include mecuthfeel, 
and appearance or feel on manipulation (Zaehringer and Le 
Tourneau, 1°62). Whatever method used, when the studies 
involve large number of samples which are judged over a 
period of time there is a tendency of the scoring scale to 
drift in value and meaning. This may be overcome by the use 
of labeled andyor coded reference or control samples (Boggs 


and Hanson, 1949; Wood et ale, 1955). 


Selection and training of panelists, number of 


samples per session, preparation of samples, and evaluation 
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methods are other important considerations in the 
organoleptic panel testing (Cartwright et al., 1952; Kramer 
et al., 1961). Kramer et al. (1961) advocated that in the 
selection of panelists the purpose of the test is to he 
considered first. If the purpose is only to obtain a 
consumer reaction then a trained panel is not needed or 
should be avoided, whereas if the purpose is to inspect or 
analyse the differences then superior panelists are to be 
selected. The same authors reported also that the efficiency 
of the panel increases with the number of times they are 
screened and trained, and that it is more advisable to 
increase numbers of the panelists and reduce the 


replications if it is desirable to obtain an indication of 


consumer preference. 


The number of samples per session that can be 
reliably evaluated concurrently depends on the nature of the 
samples, the properties to ke evaluated, and the skill and 
experience of the panelists. The major limiting factors of 
the panelists are sensory fatigue, boredom, and inattention 
(Gartwrightwet sais} 01952) syhramergetsal: ((1961) reported 
that for a bland product such as potatoes five cr more 


samples can be handled efficiently at one sitting. 


Samples of a given material should be as uniform 
as possible in all aspects and properties. Cartwright et al. 
(1952) contended that if some of the properties are not to 


be evaluated, the levels of these properties should be 
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chosen and the samples adjusted to uniformity for evaluation 
of the other properties. Kramer et al. (1961) reported 
substantial improvement in the efficiency of testing when a 
reference sample was available, and that masking of color 
and other differences not being judged appeared to be most 
important. The same authors repcrted no definite advantage 


between scoring and ranking procedure as a method for 


evaluaticn. 


Statistical analysis is a common and most 
important means used in evaluating the data oktained by a 
test panel. The appropriate analysis, i.e. variance, 
covariance, correlation, etc., varies with the statistical 
design of the particular experiment (Lowe and Stewart, 
1947). With the analysis of variance the importance of 
interactions can be determined. Kramer and Twigg (1970) 
reported that one extremely important interaction in test 
panel results is the treatment x panelist interaction which, 
if significant, indicates that different panelists score the 
Same sample differently. This means that there may be no 
best or worst sample but that each panelist may prefer a 


different sample. 


c. Objective measurement _of texture 


Due to high cost and lack of precision of 
subjective appraisals of focd products, objective 


measurement of food quality has been constantly under 
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investigation so that more precise and cheaper methods could 
be developed. Olson and Harrington (1955) reviewed earlier 
attempts to correlate viscosity and blue value index of 
reconstituted potato granules with their organoleptic 
quality. They reported that different raw material and 
different process used in processing the granules make these 
objective methods unreliable in their judgment of the 


quality of the products. 


Mullins et al. (1957) developed a rapid physical 
measurement method to evaluate the quality of reconstituted 
mashed potatoes. They found that when a ball of rehydrated 
potato granules was allowed to fall upon a smooth surface 
the diameter of the resultant cake was related to either 
consistency or rubberiness of the product as determined by a 


panel of trained judges. 


Smith and Davis (1963) used a modified L.E.E.- 
Kramer shear press to measure the textural changes in 
reconstituted potato flakes. They obtained reproducible 
results but found that temperature and moisture of the 


reconstituted flakes influenced the shear press readings. 


Voisey and de Man (1970) converted a food mixer by 
attaching the bowl to an electronic dynamometer so that it 
could record the torque and energy used during mixing. They 
attempted to measure the consistency of the reconstituted 
potato flakes using this equipment and obtained good 


reproducibility within the samples. 
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Most of the attempts thus far have been to measure 
the overall textural quality of the mashed potatoes. As the 
textural quality of mashed potatoes is a complex combination 
of several distinct characteristics such as firmness, 
glueyness, and smoothness, a single measurement cannot hope 
to represent all these parameters, and hence it is doubtful 
whether those general methods do, in fact, measure the 
Characteristic that is uppermost in the consumer's mind when 


evaluating the texture of the product. 


Szczesniak (1963), after classifying the textural 
characteristics of food materials into separate categories 
and giving them appropriate ncmenclature, proposed to 
correlate them with the specific objective measurement 
designed for each characteristic. Friedman et al. (1963) 
first developed a new instrument, the "General Foods 
Texturometer", which subjects the food sample te a cyclic 
deformation, to enable them to Simulate crudely the 
breakdown of food on chewing. They used it to measure a 
range of textural parameters which include hardness, 
cohesiveness, viscosity, elasticity, adhesiveness, 
brittleness, chewiness, and gumminess. The output from the 
instrument was in the form cf a force-time curve, and was 
termed a "texture profile" cf the material. From the texture 
profile curve they then developed mathematical formulae to 


calculate values for each of the parameters. 
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Szcezesniak et al. (1963) developed standard rating 
scales for mechanical parameters of texture by selecting 
several food products each of which possessed an outstanding 
textural property which is easy to perceive 
organoleptically. For each class of textural characteristic, 
several food samples were selected to represent a wide range 
of intensity of the characteristic. They were then judged by 
a group of specially trained panelists, and a rating scale 
for each characteristic was thus produced. The same foods 
were measured mechanically, using the texturometer, for the 
desired characteristics. The two results were then 
correlated. They obtained highly significant correlations in 
all cases. Szczesniak (1966) stated that the standard rating 
scales possess three important features. They serve as 
reference standards for the panel, thus facilitate 
quantification in absolute rather than relative terms; they 
can be expanded in any desired range to allow for greater 
precision in quantifying reasonably similar products; and 
they can be used to establish a basic correlation between 
objective and sensory evaluation. The method does have 
drawbacks in that the reference materials she chose are 
commercial products, which may change over a long period or 
may become unavailable through changes in distribution and 


demand patterns. 


Brennan et al. (1970) used the General Fcods 


Texturometer to study various parameters of food texture and 


found that hardness was the only characteristic measured by 
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the texturometer that correlated very strongly with sensory 
evaluation. They suggested that some modifications be made 
to the texturometer and that a somewhat different 
interpretation of the results was necessary to make the 
instrument more efficient in measuring the other 


characteristics. 


The General Focds Texturometer is a complex, 
versatile and relatively expensive instrument which is more 
Suitable for research than for routine testing of a limited 
range of textural parameters. It, and other versatile 
instruments, are particularly useful in determining the 
relative importance of varicus textural characteristics for 
a wide range of types of food. However, Simpler and less 
expensive instruments such as the Warner-Bratzler shear 
press (for tenderness of meat), various penetrometers (for 
hardness or firmness of fats, fruits and vegetables etc.) 
have been developed for use in routine quality control work. 
As yet there is no Simple instrument available which is 
suitable for measurement of either the individual textural 
characteristics of mashed pctatoes or some relevant 
combination of characteristics which correlates well with 


consumer preference. 
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SECTION B. EXPERIMENTAL 


it ANALYSIS OF PECTIC SUBSTANCES IN RAW, AND 


ee a ae Se Sw ee ee ae me ee a es ae ee a ee ee eee 


Analysis of pectic substances generally involves 
extraction, isolation, purification, and quantitative 
analysis. The extraction method depends largely on the 
purpose of the analysis, whether total pectic substances or 
their various fractions are to be determined. If total 
pectic substances are desired, it is possible to use a 
relatively drastic extracticn conditions such as heating the 
material in a sclution of calcium chelating agent, e.g. 
Calgon, at low pH to solubilize all the pectic substances 
(McCready, 1970). If, however, the pectic substances are to 
be fractionated into water-soluble, Calgon-soluble, and HCl- 
soluble portions, then milder methods such as that used by 


Bettelheim and Sterling (1955) may be employed. 


Isolation and purification may or may not be 
necessary, depending on the methods of determinaticn which 


may be: 


i. weight of alcohol precipitate, 


ii. titration of acid carboxyls plus saponification 


of methyl esters, 


iii. weight of calcium pectate, 
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iv. decarboxylation by heating in concentrated 


Mineral acids, 


v. Optical rotation, and 


vi. colorimetric method. 


Methods that require weighing of the final results 
such as that in i. and iii. normally require isolation and 
purification of the extract. Each of these methods has its 
disadvantages leading, sometimes, to wide variation of 
results. The inconsistency cf the nature of pectic 
substances from different sources also contributes to this 
variation. For simplicity cf determination, however, 
colorimetric methods are preferred. One of the most widely 
used is the sulfuric acid-carbazole reaction method. The 
method depends on the reaction between uronic acid, sulfuric 
acid and carbazcle to prodtce 5-formylpyroracemic acid which 
gives distinct pink coloration the in tensity of which can 
be measured at 520 nm. McCready (1970) adequately reviewed 


the development and nature of this method. 


2. Starch interference with carbazole reaction 


ss — 


McComk and McCready (1952) found that urenic acids 
derived from sugars such as arabinose, fructose, glucose, 
and some organic acids other than galacturonic acid 
interfere with the color development in the carkazole 


reaction. Potter and McComb (1957) reported definite 
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interference of gelatinized starch with the carbazole 
reaction for uronide content determination of pectic 
substances in cocked and processed potatoes. They 
recommended remcval of the starch prior to the 
determination. A similar problem was experienced in the 
present studies using the carbkazole method to determine 
water-soluble and Calgon-scluble pectic substances in raw, 
cooked, and processed potatces. An attempt was thus made to 


modify the method to obtain more reliable results. 


3. Modification of the carbazole method 
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The main object cf the present study was to follow 
the changes in the water-soluble fraction of the pectic 
substances induced by cooking, as it is this fraction that 
partially determines the success in separation of the cooked 
potato cells during mashing and, to a lesser extent, during 
granulation. Thus it was thought not necessary to determine 
the absolute total amounts of the pectic substances in 
potato tissue. Instead, only twce fractions, i.e. water- 
soluble and Calgon-soluble, were extracted and quantitated. 
The combined quantity of these two fractions was then 


designated as an "apparent total". 


As mentioned above, starch interference is the 
major difficulty in the colorimetric determination of the 
pectic substances in potato tissue. Bettelheim and Sterling 


(1955) used @ and g-amylase to hydrolyse the starch prior 
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to the precipitation of the extracted pectic substances. 
This, however, is not thought suitable for the carbazole 
method as the products of the hydrolysis, which are 
monosaccharides, also interfere with the carbazole reactions 
(McComb and McCready, 1952). To get rid of these sugars by 
precipitating the pectic sukstances in ethanol and 
redissolving them in water prior to the color development 
will not only resuit in more complicated extraction and 
precipitation methcds which are subject to additional error, 
but also in the risk of having some residue of the alcohol 
and sugars left over in the final redissolved pectic 


substances solution to interfere with the color development. 


In this study, two approaches were used 


Simultaneously to correct or reduce the starch interference. 


a. Reduction of the amounts of starch in the 


extract to minimum. This was accomplished by: 


i. In raw potatoes, fixing of the sample in 
boiling ethanol, the method employed by Bettelheim and 
Sterling (1955), was avoided as heat will at least partially 
gelatinize the starch, rendering it more soluble in water. 
Instead, the potato sample was macerated in ethancl at room 
temperature or lower, then extracted with 0.1% sodium 
bisulfite solution. Sodium tisulfite was added to the 
extracting water to retard any monophenolase activities that 
may take place in the raw tissue. Excessive maceration of 


the tissue was also avoided by using Waring blendor at low 
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speed and using higher proportion of alcohol to potato 
tissue. Subsequent extractions were done at either room 
temperature cr lower to reduce the swelling and dissolution 


Of Starch. 


ii. In cooked fetatoes, the potatces were first 
mashed hot to avoid excessive disruption of the potato 
cells. The mash was then frozen in an air-blast freezer and 
thawed to room temperature or lower to further retrograde 
the starch gel, rendering it less soluble in water. A sample 
was then taken and subsequent analysis proceeded as in i. 
except that no further maceration was required, and that 


sodium bisulfite was not added to the extracting water. 


1ii. in potato granules, the extractions were 
performed directly on the sampie, at room temperature or 
lower to reduce the swelling and dissolution of starch, 


Without further treatment. 


b. Starch-carbazcle correction curve. 


As it is not possible to entirely avoid some 
amounts of soluble starch in the extracts, a correction 
curve for the starch interference must be produced so that 
an additional color intensity of the carbazole reaction due 
to the starch can be appropriately subtracted from the total 


intensity. 


4. Material and method 
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ee ers 


Netted Gem potatoes, S.G. 1.095. 

Potato starch. Signa Chenitcal, Co., St. Louis, 
Missouri. 

Ethyl alcohol, purified. 

Carbazole. J.T. Baker Chemical Co., 
PhHiiiipsburg, N.dJ. 

Sulfuric acid, reagent grade, concentrated. 
Galacturonic acid monohydrate, reagent grade. 
Eastman Organic Chemicals Distillaticn Product 
Industries, Rochester, N.Y. 

Sodium hydroxide, reagent grade, 

Sodium hexametarhosphate (Calgon). Calgon 
Interamerican Corp., Consumer Division, 
Toronto. 

Iodine, resublimed. Fisher Scientific Co., Fair 
Lawn, N.J. 

Potassium iodide, granular. Fisher Scientific 
Co. Waring Blendor. 

KitchenAid mixer. The Hobart Mfg., Co. Ltd., 
Lroy, Ghios 

Sorvall Superspeed Centrifuge. Ivan Sorvall 
Inc., Newtown Conn. 

Corning Magnetic Stirrer. 

Spectronic 20. Bausch and Lomb Inc., Rochester, 
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The potato starch gels of 0.036% and 0.1% 
(W/V) were prepared by bringing an appropriate amount of 
potato starch in distilled water to boil on the Corning hot 
plate stirrer. The concentrations of the gel were 
arbitrarily chosen to represent low and high starch 
concentrations which may be experienced in pectic substances 


extracts. 


A D-galacturonic acid solution of 0.05% (w/v) 
concentration (the concentration chosen was found to he 
within the range ncrmally encountered in the extracts from 
potatoes) was also prepared by dissolving an appropriate 
amount of the acid in distilled water. The solution was 


relatively stable only for a few days in a dark, ccol place. 


Standard iodine sclution was prepared according to 


Williams and Fegol (1969). 


For low potato starch concentration, 8 incubation 
tubes (30 ml) with screw caps were set up for eight 
combinations of 0.036% starch gel, 0.05% D-galacturonic 


acid, and distilled water as shown in Table 2. 


For high potato starch concentration, 13 
incubation tubes (30 ml) were set up for the combinations of 


0.1% starch gel, 0.05% D-galacturonic acid, and distilled 


e?.0 GnA fOr". fo cling 5 
16. Sa8Gas whalracTyts = oy a beiaho ry $20¥ (Na) -_ 

fod YasetoF Gch «0- isaee oF tore tetizsets ai dysage ofav04q 
Gude kay ok? 38 vita lapse hw —— o¢? .2¢yaksa evatq " 


domme dvid Sane ool +oE96 2402 of anecd> eLizeasidze 


s-onatedcn “L3o0) af so0e8h0agse 68 yee Azide ancl detsROIASD 


-22>n372n4 


ieXe) 200.9 Do sus to Ge bieseo ldots s00i49-0 A = 
ei of Duvet oe6 wrobdp culitaticesacs @/:) 1929823609R09 
eax) adoecise ods) heseraveoie. ebhiseses opqot o59 otdtiy 
4snhaquigee o& Galvtesci® qa hazsye ty otis ane (aPesAI0g 
oc Go tediod car. ,vredae balligat® vt Bisa vodd To Zasose 


wenad) ison <fai® © AL RTE) evt @ ae" yviaqo Sidata vievissies = 


Oi oaihegasee FezAgERE Gee THe tl se geisot Bussaete 


_onttaet) soda) Bae seelil le 


Soir atupsl) € ap teepeeaes dose7e orFs0q eof 107 
sapty ia, eo gone 18D weIDs isvie (la De) a2edus 


sesianiae eachaalans sinters £860,420 suotsectdane) 


) peter brillzelb baa hios 


ae | : 
vateq tptd 1% 


67 


BOO cOr Goa 0. Gel, Stir 0 "80-0 690-0 £h0-069L0 <0 SNTRA aTOzZeqIeRD 
0S "0 0 0 1950p CialO GSOS 0 wtb 10) «Sal ONTeA ont 
OL 0 OL 0 0 0 0 0 TOZVeA PSTTIISTA Tw 

0 02 OL Gg 9 f f 0 (4S0°OQ) ptoe OTuoTNZoeTeb-q Tu 
OL 0 0 ZL HL ce 8b OC (%9€0°0} Tab yYoreys OFRJOd Tu 
§ L 9 G h € 6 L “ON aqng 


“SUOTZRT}PUSNNUOD MOT 


Fe UOACIS OLE, Od peztutjzereb Aq pejnataques Sen{PA SeTozuqies “7 araes 


- 
ee. eet 7 - 
oi a Aa . 


3 4 
bing besiattaies q¢ bes etizI00n Gevser siwats seg «= eldest = 
.anokvanttesaca woh 


62.0 “FEM 2200 ORO PALE 
Pe ee 


68 


661°O S8EL°O nh80°O 86S50°0 


0 0 0 0 
0 9 OL nt 
0¢ fi OL 9 
0 0 0 0 
el rat bb OL 


600°0 SLEO"O 190°0 SLZL°O 62170 LOL"O S960°O SBLO"O 1L°O anpTea eTozeqie) 
Ct Omeecat 96s be seta ct 6nek =7L 78 Cort) Otic cSiac enqTea ong 
ol Ot h ) 0 ) 0 0 ) 1334 paT{tastd Tu 
0 0 0 OL 8 9 f z 0 (%S0°0) PTIe DtuoinzoeTed-G [eo 
fi OL 91 OL ra til OL BL 02 (sL°0) Tah yoreys OFRR0d TH 
6 8 9 9 S fi € fé t | "ON OQNnL 


*suofze1yUaDU0D YbTY ze yoaeys 02e30d pazzutT3e{ab kq paynqyiquod SsenTea aTozeqied “E€ eTQGeL 


7 a - aes 


_ : a 
: — . 
— tae 
- =~ seek hereon CFLS Fe viene e90tr¢ beste tradey qd cen eébzters evetes tatiana i 
@« ov 7 - se 7 
_— gs an 
a hs i‘ yy rr of , e ‘ ‘ Fd ‘ ‘ ¢ ’ ee 
> 7 « é : * * * et o ar ” wy - or] lal ~ Hievase oem 
=) : te o . 7 ° 2 . - e e e ‘ 2 re sabe steers 
on 8 a al a = , % c . ° aa® ° 
r 6 i. ¢ a 7.6 %.° O.F Piel ee ee ee | ee 2 
7 7 o 
: OO.) Crh .d 007.9 OTFR FN PPL Lee ETE) ETE TDD OOO.e Coto r.0 


69 


water as shown in Table 3. 


To determine the Blue Value Index (BVI) of the 
mixtures, 2.5 ml of the mixture was mixed thoroughly with 
7.5 ml distilled water and heated in boiling water for 5-10 
Minutes. The heating was necessary to prevent the 
floculation cf the starch iodine complex when icdine 
solution was added to the mixture. After heating, the 
mixture was cocled down to about room temperature before 0.2 
ml standard iodine solution was added and thorcughly mixed. 
The blue value was then measured using the Spectronic 20 at 


640 nm. 


For carbazole value determination, 2 ml of the 
original mixture (starch gel, D-galacturonic acid, and 
water) was hydrelysed in 30 ml cf 0.05N NaOH for 30 minutes. 
The analysis proceeded according to the method described by 


McComb and McCready (1952). 


The carbazole values of the mixture as well as 
those of pure starch gel and pure D-galacturonic acid were 
plotted against their concentrations (Figures 4 and 5). This 
was to determine whether the carbazole value increased 
linearly with the increase in the concentrations of both 
starch and D-galacturonic acid, in order to determine the 


usefulness and reliability cf the correction curve. 


The Blue Value Indices of pure starch gel were 


then plotted against their carkazole counterparts, and the 
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correction curve for starch interference was thus produced 
(Figure 6). Cnly the linear pertion of the curve was used 


for the correction in the experiments. 


b. Raw potatoes 


<= 


The selected potato tuber was peeled, 
washed, and cut into small pieces of a few cu mm size. The 


pieces were mixed well and two 5 gm samples were taken. 


Moisture content of the raw potatoes was 


determined in hot air oven at 105°C for 24 hours. 


The samples taken were immediately macerated in 
100 ml of 95% EtOH in a Waring Blendor at low speed for 1 
Minute. The macerated samples were left stand in room 
temperature for 30 minutes with occasional stirring, then 
filtered through Whatman No. 4 filter paper. The residues 
were washed twice with 75% EtOH (v/v). The outline of the 


subsequent extractions is shown in Figure 7. 


c. Cooked potatoes 


The potatoes were peeled, sliced, washed 
free of surface starch granules and steam-cooked at 
atmospheric pressure for 35 minutes. The cooked potatoes 
were then mashed immediately after cooking in the KitchenAid 
mixer with a flat teater at the speed setting of 6 for 1 1/2 
minutes. The mash was then frozen in an air blast freezer at 


-18°F and thawed in room atmosphere. The moisture content of 
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the frozen and thawed potatoes was determined. Two 5 gm 


samples were then taken for the pectic substances analysis. 


A 100 ml of 95% EtOH was measured into each of the 
samples. They were then left in room temperature for 30 
minutes with occasional stirring, then filtered through 
Whatman No. 4 filter paper. The residues were washed twice 
with 75% EtOH, and further extractions proceeded as outlined 


Pie ei Une. 


Two 5 gm Samples of the potato granules were 
taken. The moisture content of the granules was determined. 
100 ml of 95% EtCH was added to the samples and the 


extraction proceeded as in c. 


The uronide content in the extracts was determined 
using carbazole method as described by McComb and McCready 


(1952) the outline of which is shown in Figure 8. 


For Blue Value Index determination cf the 
extracts, 2.5 ml extract was thoroughly mixed with 7.5 ml 
distilled water and 0.2 ml standard iodine sclution. The 
Blue Value Index was measured with the Spectronic 20 at 640 


nM. 


The carbazole values of the extracts were then 
obtained from the standard curve (Figure 9) and corrected 


for the starch interference using the correction curve 
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(Figure 4). 


For the purpose cf comparison of the uronide 
contents among samples of different moisture contents, the 
uronide values based on dry weight of the samples were also 
calculated. The moisture contents of the samples used in the 


experiments are given in Takle 4. 
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Raw Potatoes Cooked Potatoes 
a oe EtOH 
Macerate, Low Speedy/1 min Mashed, Frozen, Thawed 
|< 95% Etou 
Filter <—————___—_- Occasional Stiry30min 


Sh tk-—-95% EtOH 
Filtrate Residue Potato Granules 
(Sugars, Amino \<-—— Distilled Water 
Acids, jhipids,*>Sicw  Stiry2° hr 
and EtOH) Room Temp. or Lower 


\<——Filter Aid 
Centrifuge: 12,000 rpm/10 min 


oN 


Extract I Residue 
i <——Distilled Water 
(Water— J 
Solukie Further Extract/2 hr 
Fraction) 
Centrifuge 
Extract. 11 Residue 
<< 0 5, eCalgonaooin., 
Doe. 
Slow Stir/2 hr 
Room Temp. or Lower 
Centrifuge 
Hecract lit Residue 
<0, 3 1g On 
| Soin. 
(Calgon- Further Extract/2 hr 
Soluble 
Fraction) Centrifuge 
Extract IV Residue 


*Prepared according to Bettelheim and Sterling (1955). 


Figure 7. Flow chart for extraction of pectic substances 


from potatoes. 
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Pectic Substances Extracts 


Blue Value Index Carbazole Reaction (Pink) 
Determination Value Determination 

<——Standard Iodine Soln. <—0.05N NaOH/30 min 
Read O.D. at 640 nm. De-esterification 


Mix with conc. Sulfuric Acid 


| (3°C) 


Cool to 3°C 


Heat in Boiling Water/30 min 
| 
Cool to Room Temp. or Lower 
—0.15% Carbazole 
Reagent 
Leave to Develop Color 
for 25-30 nin 


Read O.D. at 520 nm. 


Figure 8. Flow chart for determination of uronide content 


in potatoe extracts. 
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Table 4. Moisture content cf potato samples used 


in pectic substances determinations. 


Sample Average moisture content, 
& wet basis 

Raw PiweoS 

Cooked PPA a 


Granules 4555 


nbs Or 


Netted Gem potatoes. 

Steam bath with cover lid. 

Cork korer of 0.75 in diameter. 
Wire cheese cutter. 


Standard iodine solution. 


Eguipment 


a. Equipment for firmness measurement: 
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i. A force supplier which consists of a 1/2 


H.-F. motor driving a shaft up and down 


vertically 


through a gear box at a constant 


speed. The direction and speed of the motor 
is controlled by a speed controller Model 
SL14 made by Minarik Electric Cc. A system 
of strain gauges is mounted on a platform 
directly under the drive-shaft. 

ii. Signal amplifier: Daytronic Transducer 
Amplifier-Indicator Model 300D. Daytronic 
Corp., Dayton, Ohio. 

iii. Recorder: Honeywell Electronic 19, 
output ranges 0.1-100 mv. Honeywell, Ft. 
Washington, Pa. 


iv. Ott-Planimeter. Burrell Corp., 


orktegh ae hesrat 
bik tans APiw Ried aeptc 


rerewabh ab €7.0 20 ae7ed S209 
re shum> eeeed> 4228 


woitntee aagees bisoreee 


Sage3) ues 
sJnnanereenrs GIG 3 Saves 5) ae 
.? #@ 30 bedco dpidwv Q@ecigerh Bose & 


asul tas GW chade ae pebeiss sos0e@ 61.8 
ap seasern' 2 de e008 aap b HUased Pl featezer 
rogue edl YO broqe ae avetaerse edT .°2939% 

Jeton sebiassaen been? & Td. Galiczsrecs a! 

shtevea .0> Bbaswuld Alséein ¢e eine Ot a2 

esosjoty 6 @6 S4sanre wt ewels? 619334 <9 

. eedeseols? o¢9 rihaw giszveste 
veophanest siaeutyet yaebaliges tempts «fb 
sjanzsqet .2U0E Leones yorenihal eee ts lyes | 

sObdt ,an2yad 4,29 

0? siewntuell béaw¥sad sashyouss .ist 

70 <idewyedon ..va OOF-T.0 anges: 2099R0 

e828 ,worpa dnad 

eee) Liervet .jetadinel+920 ~¥h 


81 


Pittsburgh, Pa. 


b. Equipment for cell count: 


i. KitchenAid mixer. 
ii. Leitz Wetzlar microscope (100x, 400x, 


and 1000x). 


3. Methods: 
a. Preparation of the samples for firmness 
measurement of whole unmashed potatoes: 
Fotatoes of uniform size and shape were 
chosen. They were peeled and their irregular surfaces were 
trimmed off so that they could be placed flatly on the load 
cell of the texturometer. The potatoes were then washed and 
wrapped in aluminium foil and steam-cooked for 1 1/2 hours, 
at atmospheric pressure to ensure unifcorm cooking throughout 
the sample. Once cooked, the potato samples were kept ina 
steam bath at the temperature at which the measurements were 
to be performed. Short duration in the steam bath ketween 
measurements was necessary to avoid further cooking if the 
temperatures were high. The samples were kept wrapped in the 
aluminium foil until measurement to avoid surface 
evaporation. 
b. Methods of firmness measurement 
of intact potato tissue: 
i. Puncture test. A cylindrical probe with 


flat surface of 0.25 in diameter was driven into the potato 
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Sample, placed squarely on the load cell, at a constant 
speed of about 5.7 in/min The probe penetrated 0.7 in into 
the sample then the motor was reversed and the probe 
withdrawn from the sample at the same speed. The force vs 
distance (or time) was recorded simultaneously by the 
recorder (Figure 10). The relative area under the 
penetration curve, as measured with the planimeter, 
represents the work done by the probe to penetrate into the 
sample. 

ii. Compression test. Cylindrical samples of 
0.75 in diameter and 0.75 in height were prepared using the 
cork borer and the wire cheese cutter. The sample was placed 
squarely with a flat surface on the load cell. It was then 
compressed by a circular plunger with flat surface of 2 in 
diameter, driven down at a constant speed, until the sample 
was completely deformed. The force vs distance (or time) was 
recorded on the recorder (Figure 11). The height of the 
first peak which represents the breaking point of the sample 
was taken as the amount of force necessary to break the 
sample. This peak normally corresponds to the point where 
the sample was broken around the middle at about 45° to its 
flat surface. The height of the peak was then ccnverted to 
gm force using a calibration curve previously constructed. 

Ce. Iria lepuns': 
A trial run at the sample temperature of 


80°C for each type of test was first performed to determine 
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DISHANGE MO ReAliMis: pe 


Fieure 10. Typical results of the puncture test. 


Area Al represents firmness. 


breaking point 
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Elcure 11. Typical results of the compression test. 
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Figure 12. Section of cooked potato tuber with circles 
showing locations where samples were taken 


for compression tests. 


Figure 13. Section of cooked potato tuber with 
circles showing locations where 


puncture tests were performed. 
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the areas on a tuber where the tests should be performed so 
that variaticn in the results could ke kept to finimum. This 
was done by dividing the tuber into several areas as shown 
in Figures 12 and 13, and then doing tests on each area. The 
areas on the tuber where the results of the measurements 
were most uniform to one ancther were then chosen for 


subsequent tests. 


In the subsequent tests, the temperatures of the 
samples at which the tests were performed were arbitrarily 
chosen for convenience at 8C°, 40°, 25°, and 10°C after 
cooking; and 59%, 75°, and 2£°C after freezing and thawing, 
reheating, and recooling respectively. Four duplicates were 
performed for each test. 

d. Celli count: 
Cocked potato strips were mashed at 809, 
HOS 25°, and 10°C after cooking: and at 0° (partially 
thawed), 10° (completely thawed), 80° (reheated), and 259°C 
(recooled) after freezing, in the KitchenAid mixer with a 
flat beater for 45 seconds at top speed. The mashed samples 
were then examined under the microscope at 100x to determine 


the number of broken cells. 


The micrescopic method as describe by Reeve and 
Notter (1959) was employed for cell count. The method was 
slightly modified by adding two drops of the standard iodine 
solution to the sample on the slide and mixed thoroughly 


prior to counting. This improved the visual capability to 
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differentiate the broken from the intact cells as the 
released starch gel gives a much deeper blue stain than the 
intact parts of the cell. The cell boundary was also shown 
more clearly with the iodine staining. A total of at least 


1,000 cells per slide were counted. 


s ,\ 
ee on 
| io en 


. ae 
ee te 
wir add ndete veld mee 
awide cela sav yasbawod> toe ie a, hid 
feoeh sn-te Resor A. -eubetetaemeped eds atte chy . 

. bards _ g sbi aa4 ae 
— —_ 


7 7 
—— 


a) 


87 


Amylose Type 1, from potato. Sigma Chemical 
Co., St. Louis, Missouri. 

Standard iodine solution. 

Myvatex Type 3-50 (granules). Distillation 
Product Industries, Division of Fastman Kodak 
€o.;, Rochester, N.Y- 

Myverol Type 1€-40 (paste). Distillation 
Product Industries, Division of Eastman Kodak 
Co., Rochester, N.Y. 

Spectronic 20. Bausch and Lomb Inc., Rochester, 
N.Y. 

Corning Hot Plate Stirrer. 

Netted Gem potatoes. 


KitchenAid mixer. 


2. Methods: 

Two colorimetric methods, viz. that described 
by Mullins et al. (1955), and that described by Williams and 
Fegol (1969), were investigated for their sensitivity and 
reproducibility by measuring the color developed by iodine 


and mashed potatces of varying amounts of broken cells. 


Mullins et al. developed their method particularly 
for the determination of Blue Value Index of dehydrated 


mashed potatoes. In this method the solubilized starch is 
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extracted frem the potatoes with hot water of 150°F 

(65.5°C). The blue color is developed by mixing the extract 
with a dilute iodine soluticn. The Blue Value Index is then 
obtained by measuring the intensity of the blue color at 640 


nm. 


The method of Williams and Fegol, on the other 
hand, was developed to determine the amount of damaged 
starch in wheat flour. In this method the starch is 
extracted from the damaged granules by a soluticn of 
sulfosalicylic acid in formamide-sodium sulfate sclution at 
122°R (50°C). The extract is then mixed with a dilute iodine 
solution to develop blue color. The Blue Value Index is 


determined at S555 nom. 


Both methods were found to be comparable in 
sensitivity, but that by Mullins et al. was found to possess 
better reproducilility. Due to the nature of the extracting 
solution used (sulfosalicylic acid in formamide-scdium 
sulfate solution), the method by Williams and Fegol appears 
to extract some starch from the intact cells in addition to 
all of the starch from the Eroeken cells. This is conceivably 
because the extracting solution may dissolve parts of the 
walls of the intact cells which are relatively thin and 
produce holes through which more starch is subsequently 
extracted. Furthermore, the method of Mullins et al. is much 
Simpler and takes less time to execute and hence was chosen 


for this experiment. 


soerte af@ poizis td | 
ee a whe ait 
gee 3% 8ibo @uld edt 20 49K 


pedte whsens pee ae oat | 
bepawal: ta Inv0em Odi oa ignaane <0 Soqoloved ane howe : 
a) dorem off jodtoe @it# @t-,200f1 saad ai dotete 7 
10 Wokaps ae » 44.nelireoap ‘aegaens wil? cor? beraezize: 
do qobheuvioe otabiia sudhot-ohieaageD ol Sfos obfyokftsapties ~~) 
sréhet saontap @. Sie Bexkecaods 28 93er0%0 27? « (7°08) MORSE 
ai vebat. Sodet. «0l® af ..a0tes enid. polered oF potseloa 
«90, 222 46 beatezo305 
A 


Ai eldaxaquay #2 oF bavod meee ; phossem asad 

aasanee os banat wae php 29 ecition yi tad2 tod. .geivivienes 
onizanarxe Of to oavaen v4? a: «yt .Ttildioebosaget 299704 
enktaoorblenadat af bisa obiqottesdtivn) bees ookseiee 
carseae Denes bab GdeNTiby gas homie ate teohtuios esdtlen ") 
48 nabvibbe nk ihtne kanes wn aead trate ends S982FTe 7 

ridevsanens ol: <Adtheliap andead tds ‘sot> desta ade 20) tie 

odo te etenpoi lasek gan 20 t3ukos pe tioostrs #42 wausoott 


Faun pal se ahabe ay Senet ive Sone odd to ellew 
an dotde wpvords sefod snout, 


89 


ae Effects of surfactants on pure amylose: 
A 500 ml suspension of 0.01% (wyv) amylose 

in distilled water was boiled on the Corning Hot Plate 
Stirrer for 25 minutes, then filtered through No. 4 Whatman 


filter paper. The filtrate was designated as solution I. 


A 500 ml suspension of 0.1% (w/v) Myvatex in 
distilled water was boiled for 25 minutes on the Corning Hot 
Plate Stirrer and filtered through No. 4 Whatman filter 


paper. The filtrate was designated as soluticn II. 


The combinations as shown in Table 5 were set up 


in a series of 10x100 ml flasks. 


The content in the flasks was mixed well. To each 
flask, 1ml of the standard iodine solution was added and 


thoroughly mixed. 


Individual blank for each flask was used to 
compensate for the interference of the color develcpment 
which might be caused by Myvatex. These blanks were prepared 
by replacing soln. I in the combinations with 25 ml 


distilled water. 
The absorbance of the mixture in each flask was 


measured against its blank with the Spectronic 20 at 640 nm. 


b. Effects of surfactants on starch gel 


in cooked, mashed potatoes: 
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The effects of Myvatex and Myverol on cooked 


potatoes were determined separately. 


Potatoes were peeled, sliced, and washed. The 
washed potato strips were steam-cooked for 35 minutes. 
Appropriate amounts of the surfactant (up to 1% based on the 
cooked potato weight) was measured into the cooked potatoes. 
The potatoes were then mashed immediately in the KitchenAid 
mixer with a flat keater for 11/2 minutes. The broken cell 
count of the mashed potatoes was determined so that the 
number of the broken cells in each batch could be kept close 
to one another in crder to finimize the variation in the 


amounts of the released starch gel. 


The determination cf the absorbance of the starch- 
iodine-surfactant complex for each sample were performed in 
three stages, i.e. immediately after mashing, after cooling 


to 42°F, and after freezing and thawing. 


The method by Mullins et al. (1955) was used with 
slight modification, i.e. a Corning Hot Plate Stirrer was 
used to keep the suspension stirred at low speed and to keep 
the temperature relatively constant at 150°F instead of an 
overhead variable speed agitator. Also, 0.02N iodine 
solution was replaced with the standard iodine solution 
prepared according to Williams and Fegol (1969); anda 
Spectronic 20 at 640 nm. was used instead of the Klett- 


Summerson Photoelectric Colcrimeter originally employed. 
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For potato granules, 0.5 gm of the dry granules 


was used instead of 2.5 gm as in the case of the freshly 


mashed potatoes. Moisture ccntent of all samples was also 


determined using a hot air oven at 105°C for 24 hours. 


All results are the average of two measurements 


and are reported as based on both original weight (wet 


basis) and bene dry weight (dry basis) of the samples. 


of 1% 


oa 


For each set of experiments, 


Slow-set Genu Pectin. Food Products Ltd., 
Mcntreal. 

Myvatex Type 3-50. 

Myverol Type 1€-40. 

Corning Hot Plate Stirrer. 

Brookfield Synchro-Lectric Viscometer, Model 
RVI. Brookfield Engineering Laboratories, 
Stoughton, Mass. 

Mercury in glass thermometer, range -209 to 


110°C, subdivision 1°C. 


Methods 


(w/v) of the Genu Pectin in distilled water was 


prepared by slowly adding the pectin into continuously 


stirred water on a hot plate stirrer. The suspension was 
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about three litres 
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brought to boil until all the pectin powder was dissolved. 
The gel solution was then divided up into 500 ml pertions in 
600 ml beakers. An appropriate amount of surfactant was 
weighed into each portion to make a series of 0.075-0.10% 
(w/v) for Myvatex, and 0.02-0.20% (w/v) for Myverol. The 
mixture of the pectin gel and surfactant was then brought to 
boil while being continuously stirred. The viscosity of the 
boiled mixture was then measured with the Brookfield 
Synchro-Lectric Viscometer using spindle No. 1 and the 
spindle speed of 1C€0 rpm. Bcth the viscosity and the 
temperature of the solution at measurement were recorded. 
The solution was then gradually cooled down while its 


viscosity and temperature were being recorded at intervals. 


The viscosity and temperature of a control (pectin 
gel with no surfactant added) were also recorded over the 
Same range of temperature along with each set of 


experiments. 


The viscosity and temperature of Myvatex and 
Myverol solutions in distilled water were also measured, 


using distilled water as a control. 
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1. Materials: 
Netted Gem potatoes, S.G. 1.095. 


Copper-constantan thermocouples. 
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Honeywell Electronik 19 Recorder. 

Wire-mesh tray of 30 mesh size. 

Air-blast freezer with air velocity of 3,000 cu 
ftymin, and minimum air temperature of ~20°F in 


cold room 12x10x8 ft high. 


2. Methods: 
The copper-constantan thermocouple was connected 
directly to the recorder using ice as a reference junction. 
The recorded output was calibrated against a mercury in 


glass thermometer. 


The potatoes were peeled, sliced, washed, and 
steam-cooked for 35 minutes. The cooked potatces were mashed 
in KitchenAid mixer with a flat beater for 2 minutes at the 
speed setting of 6. The mashed potatoes were then packed 
tightly into cubic form of various dimensions ranging from 1 
in to 5 in. The density of the cubes was caiculated by 


dividing the weight of the cutes by the volume. 


A thermocouple was carefully inserted into each 
cube from its side so that the junction was exactly at the 
geometrical center of the cube. The cubes were then wrapped 
in aluminium foil and their temperature was brought down to 


32°F, using crushed ice as cooling medium. 


The mashed potato cubes at 32°F were then placed 
on the wire-mesh tray, after they were unwrapped, and placed 


in the air-blast freezer. Care was taken so that the 
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freezing air could circulate around the cubes without 
obstruction. The temperature at the center of the cubes was 


then recorded on the Honeywell Electronik 19 Recorder. 


The moisture content of the mashed potatoes was 


also determined in a hot-air oven at 105°C for 24 hours. 


A typical recorded chart is shown in Figure 14 
where: 
tf = freezing point of mashed 
potatoes, °F. 
ta = air temperature of the air-blast freezer, 
CF 
62-61 = time taken to freeze the center of the 


potato cube, hours. 


Surface heat transfer coefficients were then 


calculated using Plank's equation: 


6 = >P - ( Pa + Ra? ), where: 
(tf-ta) hs k 


6 = time taken to freeze the center of a 
material of certain dimensions, 
commencing frem its freezing 
point, hours. 


» = latent heat of the material, Btu/lb. 
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p = density of the material, lb/cu ft. 

tf = freezing point of the material, °F. 

ta= temperature of the freezing medium, OF. 

F and Rk = coefficients obtained from the 
chart (Ede, 1949), based on dimensional 
ratios of the material. For each cube: 
p= 1/6, RR = 1724. 

a = thickness of the material, ft. 

hs = total surface heat transfer coefficient 
which is a combination of convection heat 
transfer coefficient (hc), thickness of 
packing material and its thermal 
conductivity (k), and radiation heat 
transfer coefficient (hr), Btuyft2? h °F. 

k = thermal conductivity of the material, 


Btu/ft h OF. 


Determinations of latent heat and thermal 
conductivity were net done on the batch of potatoes used in 
these tests. The values of these properties were calculated 
from the known % moisture content (p) using the equations 


given by Earle (1966): 
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k (below freezing point) = 1.4p + 0.15 (100-p) 
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Netted Gem potatoes, S.G. 1.080 and 1.095. 
Sodium bisulfite. Fisher Scientific Cc., Fair 
Lawn, N.J. 

Additives (see Table 19). 

Hydrometer. Pctato Chip Institute 
International, Cleveland, Ohio. 

Hokart Vegetaktle Peeler. The Hokart Mfg. Co. 
Litdg;eponshilissrene. 

Hokart Vegetaktle Slicer. The Hobart Mfg. Co. 
Tid.s. Doneis iis eOnt. 

KitchenAid mixer. The Hobart Mfg. Co. Ltd., 
Troy; Ohio: 

Atmospheric Steam Cooker. 

Stainless steel trays. 

Air-blast freezer with minimum air temperature 
of -20°F and air velocity of 3,000 cu ft/min 
Manesty Petrie Fluid Bed Dryer model MP.10.E.. 
Manesty Machines Ltd., Speke, Liverpocl, U.K. 
Speedomax 12-pcint temperature recorder. Leeds 
and Northrup, Canada, Ltd. 

Canadian Standard Sieve Series. The W.S. Tyler 
Company of Canada Ltd., St. Catharine, Ont. 
Portakle Sieve Shaker. The W.S. Tyler Company 


of Canada Ltd., St. Catharine, Ont. 
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Leitz Wetzlar Microscope. Germany. 

Sling psychrometer. Taylor Instrument 
Companies, Rochester, N.Y. 

Bendix Psychron. Bendix Environmental Science 
Division, Baltimore, Maryland. 

"Veeder" Speedometer. The Veeder Mfg. Co., 


Hartford, Conn. 
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ae Preparation of the potatoes. 

The potatoes were cleaned with a dry cloth 
until free of dirt. The specific gravity of the potatoes was 
then measured with the Potato Chip Institute International 
hydrometer. The potatoes were then abrasive peeled in the 
Hobart peeler. Hand trimming of peel and dark spots was kept 
to minimum. The peeled potatoes were sliced to 1/2 in x 1/2 
in strips in the Hobart Vegetable Slicer. The strips were 
washed clean of surface starch and soaked in 0.5% sodium 
bisulfite solution at room temperature for five minutes. 
They were then steam-cooked for 35 minutes. The cooked 
potatoes were immediately mashed in the KitchenAid mixer 
with a flat beater at the speed setting of 6 for two 
minutes, together with the additives (Table 6) which were 
mixed dry into the potatoes. The mashed potatoes were then 
spread 1/2 in thick on the stainless steel trays before 


being frozen in the air-blast freezer. 


The frozen potatoes were completely thawed at room 
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Table 6. Additaves wsed in processing of potato 
granules using the proposed processing 


technique. 


Additives % Added (Based on Weight 


of Potatoes) 


Myvatex 0520 
Tetrasodium pyrophosphate 0.05 
Butylated hydroxyanisole (BHA) 0.0005 
Butylated hydroxytcluene (BHT) 0.0905 


Total aw i | 
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temperature (approximately 70°F), without raising the 
temperature of the potatoes much higher than freezing point, 


prior to proceeding to the pre-drying step. 


b. Pre-drying, granulation, drying, and 


cooling. 


i. Modification and operation of the 

equipment: 

The Manesty Petrie Fluid Bed Dryer 
(Figure 15) was modified by fitting a rotary stirrer 
immediately above the porous flate. The porous flate 
consists of a layer of wire mesh of 120 meSh size supported 
underneath by another layer of stronger wire mesh of 30 mesh 
Size. The two layers are reinforced on each side by a 
Stainless steel plate on which small holes were bored 
through at close intervals (5/16 in holes on 7/8 in centers 
(triangular pitch)). The heles cf the upper plate when 
fitted together are in perfect alignment with those on the 
lower plate so that air can pass through without much 
obstruction. The effective area on the porous plate through 


WoICh, thel ait” pass -15.0. 079 sqeitt. 


A vertical drive-shaft was fitted in the middle of 
the porous plate. The rotary stirrer which is made up of two 
aluminium arms fitted with 1/8 in diameter bent brass rods 


as shown in Figure 16 was fitted on to the central drive- 
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shaft. The clearance between the bent rod and the porous 
plate is approximately 0.06 in, and that between the side- 
arm rods and the side of the fluidizing bowl is 


approximately 0.1 in (Figure 17). 


The central shaft is driven through a reduction 
gear by a 1 H.-P. motor the speed of which is contrclled by a 
variable speed motcr control (Ratiotrol, Boston Gear 
Division, North American Rockwell, Quincy, Mass.) as shown 


in’ Figure: 15. 


The attachment mechanism between the nylon 
collecting bag and the fluidizing bowl was modified by using 
an aluminium ring padded with foam rubber with four metal 
springs holding the bag down tightly to the rim of the bowl. 
This is to ensure finimum leakage of the granules during 


drying, and for quick release of the bag when necessary. 


The air inlet port on the fluid bed dryer was 
fitted with air-flow and temperature measuring devices 
(Figure 15). The orifice meter was designed to ASME 
standards (Bean, 1971). The air-flow pipe is an aluminium 
pipe with the average inside diameter of 6.370 in, with a 
slot five feet from the opening end into which aluminiun 
orifice plates can be inserted. Four orifice plates were 
used interchangeably according to the velocity of the air 
flow being measured. The diameters of the orifices are 
Wa2805 2.557, 3.843, and 4.27/81 in respectively. The air flow 


was measured by measuring the difference in the air 
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Figure lo. ottrrer ton tne flaoid bed dryer. 
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1 thermometer 2 observaticn window 
3 stirrer 4 porous plate 


5 drive shaft 


Fleure 17. Fluidizing bowl fitted with the Steerer. 
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Figure 18. Manometer for orifice meter. 
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pressures in front and behind the orifice, using a glass 


manometer as shown in Figure 18. 


On the downstrean arm of the manometer, a 
micrometer with the precisicn of 0.001 in was fitted. The 
manometer was filled with distilled water to a specific 
level where the micrometer was zeroed. The manometer was 
connected to the upstream and downstream pressure tappings 


of the orifice meter with plastic tubes. 


A wet bulk thermocouple (wet-wick covered), anda 
dry bulb thermccouple (bare) were inserted into the air-flow 
pipe 9 and 7 inches from the opening end respectively. 
Another two thermocouples, cne under the porous plate and 
another in the center of the upper rim of the fluidizing 
bowl were also fitted. When under operation, the pressure 
difference of the air flow was recorded manually at 
appropriate intervals whiie the temperatures of the wet 
bulb, dry bulb, drying air, and the moist air coming through 
the bed were automatically and simultaneously recorded on 
the Speedomax temperature recorder. The wet bulk and dry 
bulb temperatures were checked against those obtained with 
the Sling psychrometer, and the Bendix Psychron at regular 


intervals. 


The speed settings on the Ratiotrol for the 
stirrer were calibrated using the "Veeder" speedometer to 


measure the speed of the stirrer both with and without 
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potato load during pre-drying and granulation steps. 


The air velocity was calculated using the 


following equation (Bean, 1971): 


I~ p* 
where; m= mass flow rate, lb/hr. 
C = discharge coefficient of the orifice. 
Y = expansion factor. 
d = orifice diameter, in. 


Fa = thermal expansion factor. 
pF - density cf the air, lbycu ft. 


hw = differential pressure, in water. 


ratio of diameters, d/D. 


diameter of the pipe, in. 
Y was calculated from the following equation: 


Y= 1- dor (0.4140. 35,4) 


where: 1-r = hw 


= 
i) 


ratio of specific heat of ideal gas. 


It was found that the minimum value of Y involved 
in the subsequent calculaticns was only 0.999, so the term 


was Ommitted. 


Fa = 1 for metals near rocm temperature. 
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The values of C were interpolated from the tables 


Tn Bean (197 1)... 


p was Calculated from 1+H , where: 


Vv 


H = absolute humidity of the air, lb water/lb dry 


airs 


V = specific volume of the air, custt/lb dry air, 
corrected for altitude and temperature by the 


method outlined in Perry (1963). 


The absolute humidity of the air entering the 
dryer is determined from the inlet wet and dry bulb 
temperatures, and this with the temperature of the air below 


the bed define the condition of the air at this point. 


The Joule-Thompson effect is negligible for the 
small pressure drops through the bed, and hence cooling of 
the air is mostly due to evaporation of moisture from the 
bed. (Some ccoling (or heating) of the air due to heating 
(or cooling) of the bed occurs when the bed temperature is 
changing rapidly (e.g. at beginning of run or during cooling 
of dry granules), but is not important during most of the 


drying period). 


When the sensible heat effects are negligible the 
absolute humidity of the air abcve the bed is determined 


using the adiabatic cooling lines on the psychrometric 


yuh “Gixaeter Gi te edt to yFIbiges er0tcade + = 


<aih “ch AEX It #> tia ef2 20 eaaiayv obrice2 = 7 
wi? “3 ewincuges? hte gheti3ia 101 &e70P 32°09 
ie (ERO) eS wi Sem ki sire bodron 


¢ 


=e? pot iarne sre¢-ags’ De peapiwed sfuloais «4f 


od Bear fea seer relat; ad? aver Sonteres6 af ze¢e0 


woled ste oat “te p to darsesse nee avis aide fas ,eoabdgreqesd 


atheng ails be. Din O02 fokridiave & abf oat tad bed ads 


eht-soe SeiGhiew aj t50826 aongast ~2h¥0% ol? 
40 telicw esued hae bev vit @ervids s90th exuaeesq fisas 
ed’ ‘ao rae teh oe Lo. AnisasetGTe- od end fideo" 44 tle od? 
es bdnad at eat shpat Ib. gottaea 45) ‘eelfoss ocy2) «bat 
Weert) oe toatioes 16) 
palioos galas 7 WET) tw Quéatiged pie gibtyst palgasis 


wat 0 Ason yotint a fou 2t 26h » (eeloanzy (25 Jo 
: 7 : s(boitseq voitsb 


110; 


“uoyZVe{NO[eS a2e4 BujyAap 


Oe 


ul] Bujyjoo> 23Dqp) pp 


LED1GAJ YIM Y4eYyD Dpayawouyoksg “ET aansBly 


do “AUNLVYSdWSAL 


Sab get 


/ 


AyIpiwiny 2AlpDIe4 
%, 00! 


. Moleq ' oeeh 


(P/2}22 94509) _,, ‘l “4 = 7} 
~ paq eAo0gD aunyouedute; =94 


JID Asp qy/sa1DM Gy 
ALICINAH SLNIOSEV 


re 


+ pakapemwenni< cuete apty Fabycs; qual UT «eee cmpensuty 


ertaxe 1 


= 


chart, as shown in Figure 19, where AH (1b moisture/lb dry 
air) is the increase in absclute humidity of the air. The 
drying rate of the bed, W (lb/hr), is then given by the 


equation: 


W = AH.mM 


where m is mass flow rate of air in lb/hr. 


For those periods when the sensible heat effects 
are not negligible (e.g. during granulation) an appropriate 
correction was made to the temperature of the air above the 


bed as follows: 


The temperature of the bed is assumed to be 
approximately equal to the temperature of the air above the 
bed. The rate of heat gain ty the bed (= (Mw.cw + 
Ms.cs)-dT/d9) is equal to the rate of loss of heat by the 


air stream (= m.c.gt), where: 


Mw = mass of water in bed 

MS = mass of solids in bed 

cw = specific heat of water 

cs = specific heat cf solids 

dTsdeé = rate of heating of bed, and 


c = specific heat of air (dry basis). 


This leads to an approximate correction (AT) for 


temperature above bed i.e. 
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AT = (4/m) (Mw + 0.2Ms) (AT/dO) 


The temperature of the air above the hed corrected 


for sensible heat effect (Tc) is then given by 


Te = Tab + aT 


where 


Tak = measured temperature of air above the bed. 


The drying rates calculated from the air flow and 
temperature measurements were used to calculate moisture 
contents of the load at several points during the runs, by 
integrating the rate of loss cf moisture from the ked with 
respect to time. The superficial air velocity (ft/min) was 
calculated based on the cross sectional area of the bottom 


of the bed. 


fie) Pre-arying: 
The drying chamber of the fluid bed dryer 
was pre-heated to about 155°-175°F, and the drying air 


temperature was set at about 200°F. 


The thawed potatoes (about 50°F) of known moisture 
content were charged into the fluidizing bowl. The bowl was 
then covered tightly with the nylon collecting bag. The 
drying chamber was closed, the air flow was set at maximum 
and the stirrer speed was set low at 20 rpm. The temperature 
recorder was started simultaneously, and the manometer 


reading was recorded and checked for any change at regular 
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intervals. 


As the potatoes were being dried they became more 
and more fluidized. When all the potatoes were fully 
fluidized under the maximum air flow, which normally took 
20-40 minutes depending on the weight of the load and its 
moisture content, the heaters were turned off. Small samples 
of the potatoes were quickly taken by temporarily cpening up 
the drying chamber and the collecting bag. Moisture content 
of the samples were then determined in a hot air oven at 


105°C for 24 hours. 


iii. Granulation: 

When the drying air temperature was 
dropped down to about 105°F, the air velocity was reduced to 
almost minimum and the stirrer speed was increased to about 
480-500rpm. At this stage, the moisture content of the 
potatoes were usually within the critical range of 42-35% at 
which level the potato cells are most resistant to 
mechanical forces, and hence stronger force, i.-e. higher 
stirrer speed, can be applied to separate them to fine 
powder without excessive cell damage. The stirrer speed was 
Maintained during granulation while the air flow was 
gradually increased. The granulation takes about 4-10 
minutes to complete towards the end of which the air flow 
was increased to akout 250 ft/min under which the granulated 


potatoes should be fully suspended in the air stream. 
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Abcut cne Minute before the end of the granulation 
period the heaters were again turned on. At the end of 
granulation the stirrer was stopped, and small samples of 
potatoes were again taken for moisture content 


determination. 


iv. Drying: 

After the granulation, the drying 
temperature was raised to akout 175°-2009F. The air flow was 
set to maximum at the beginning of the drying period, but 
was gradually reduced after about five minutes of drying to 
avoid the cell damage due to the abrasion of the granules in 
the air stream. The drying normally takes about 10-15 
minutes at the end of which the air flow was reduced to a 


Minimum. 


v.eCOOLLigs: 

To avoid scorching and undesirable 
chemical changes due to high product temperature, a cooling 
period after drying is necessary. At the end of the drying 
period the heaters were turned off and the air flow was 
maintained at the low flow rate. The product temperature was 
reduced gradually to about room temperature after 5-10 


Minutes. 


c. EFroduct characteristics. 
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i. Size analysis and bulk density 
measurement: 

The cooled product was sieved through a 
series of 16, 32, and 60 mesh Canadian Standard sieves which 
were mechanically shaken by the Portable Sieve Shaker for 10 
minutes. The granules retained on each sieve were weighed 
and the weight percentages calculated. Those passed through 
60 mesh sieve were taken as product. Those retained on the 
32 and 60 mesh sieves were recycled back to the predrying 
step and mixed with the freshly thawed potatoes of the next 
run. The coarsest fraction which was retained on the 16 mesh 
Sieve, normally accounted for about 1% of the total output, 


and was discarded. 


The bulk density of the product was measured by 
filling the granules into a 250 ml graduated cylinder up to 
the 200 ml mark while gently tapping the cylinder (against 
the floor) until there is ne further packing of the 
granules. The 200 ml granules were then weighed and the bulk 


density was calculated in gm/cc. 


ii. Moisture content: 
Moisture content of the product was 
determined using the hot air oven at 105°C for 24 hours 


(i.e. until the sample weight was constant). 


iii. Broken cells: 


a we 

a<dudents Der siiy ans inane lations Witt a — 

jrtee- cav@la hoadanee Ge eothenks alee Be das yhe eh io aol s0R : 
av 20%) dedede evote elder ote gt Gettdz ¢i loo iasisom ons 
befetow @186 «veils doae TO benkarar esisasto G4T <ePsuola 
Agen sks faewey weody .fernivaies ealetaacteg tio lee edt Bue 
ait co ledteres ots .coihege Os Benet. sIe% evols daee0d 
gakyrbery ed? 92 Boas heloyoes ere) Servia veos 0% bas ft 
ser 643 Tu Geowtstog bedade GidkeeT wisi dtiw Coese baw” Ges 
jase Bt add ia nepindat ew dotie aixcigrad’: t22274669 att sors 
* od? Do Cf Benar at Kubgepose yiiss200 ,erels 
abohsneekd aay hae 


regio Larc 


x 


7 lideestee cae teeing, HARA ytdaaeh Afod edb, 


oe) 2a ashezty> bepeshery is h2¢ gw osei eo loaate @c- on keris 

akaged mébetiqo 61% odtpret. eitese slida ayn -le ONS oat 

edz 20 pataveq Tedrset on ot syod? Ligan (souk? ea? 

(tui wh? ono hedplies avdt o7e4 ehganzy le 00 ed? .acivastg 
HONS at ie tatuaies e6e qitensh ; 


- 


REagFAA cayfaton -it 
sey etait nay me edeaene wana tol 
wxéoi OF a48 ral ap axes. pie toe ott patny beoinsess qotab 


= a 


+ fone hiner eae diyles olqune — Livan 2-8) 


Number of broken cells of the product was 


counted using the method described in Section B: Il., 3., 


i. Experimental granules I (Ex. I), a typical 
product obtained from the process under 
investigation. 

ii. Experimental granules II (Ex. II), a specially 
processed product of very gluey texture. 

iii. Commercial I (Com. I), commercial potato 
granules obtained frem a local supermarket. 

iv. Commercial II (Com. II), commercial fotato 
flakes oktained from a local Supermarket. 

Netted Gem potatoes, S.G. 1.095. 


KitchenAid mixer. 


2. Methods: 

The control sample was prepared, using Netted 
Gem potatoes, by cocking the peeled, trimmed, sliced, and 
washed potatoes in a steam cooker for 35 minutes. The cooked 


potatoes were then mashed in the KitchenAid mixer with a 


flat beater at the speed setting of 6 for 1 1/2 minutes. 
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Salt was also added to the fotatoes during mashing at the 
rate of 0.4% based on the cooked potato weight. The mashed 
potatoes were transferred to a stainless steel bowl, covered 
with aluminium foil, and kept warm in a kitchen oven until 


ready for testing. 


The four dehydrated samples were first tested for 
their consistency on reconstitution. This was done by 
reconstituting each sample with varying amounts of boiling 
water. The samples were then judged by three judges, chosen 
from laboratory personnel, for their consistency as compared 
to that of the control sample. The term consistency used 
here was referred largely tc the firmness of the product 


texture as felt in the mouth. 


Once the ratio of product to boiling water for 
each sample was established, it was used throughout the 


testing. 


For the test panel, the products were 
reconstituted by measuring an appropriate amount of boiling 
water into a bowl. The weighed product with 0.4% salt, based 
on combined weight of the product and water, was graduaily 
poured into the water while the mixture was being stirred 
slowly with a fork. After all cf the dry product was poured 
in, the mixture was thoroughly mixed at a moderate speed 
with a fork. The reconstituted products were then covered 
with aluminium foil and kept warm in the oven until ready 


for testing. 
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Two sets of test panel were conducted. Each set 


consisted of four weekly sessions. 


In the first set, 10 panelists were selected from 
the staff, students, and technicians in the Department of 
Food Science. For each session, the judges were called into 
the test panel booths and were each given a scoring sheet 
(Figure 20). The instruction of the scoring method was 
explicitly given on the sheet. Each judge was then served 
with five coded samples in aluminium dishes arranged in 
random order. The coding of the samples was alsc randomized 
in every session, using different sets of numbers for each 


session. 


The results from the first set of testing were 
then transformed into numbers of 1 to 5 designating 5 as the 
most desirable and 1 as the least desirable for every 
category of the characteristics including the overall 
ranking. The transformed results of the overall 
characteristic were then analysed for variances and variance 
ratios, both altogether and individually for each judge, 
with the aid of APL library programs on an IBM 360/67 


computer. 


From the results of the analysis, nine judges were 
picked out of ten, based on their "Day" variance ratios. 
High "Day" variance ratio means significant variation within 


a judge from one day to ancther in his judgment. The nine 
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judges, chosen from those with low "Day" variance ratios, 


were used in the second set of the test panel. 


In the second set, a modified scoring sheet 
(Figure 21) was used so that the judges could score each 
characteristic directly in numbers ranging from 1 to 9, 
designating 9 as the most desirable and 1 the least 
desirable. Variances, variance ratios and other correlations 


were then computed for these scores. 


A [Tuncan's New Multiple Range Test, as outlined by 
Duncan (1955), was also performed on the average scores of 


the overall characteristic cf the samples. 
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DATE: _ 
NAME: 


Definitions: 


Firmness: 


Smoothness: 
Glueyness: 


Overall: 
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ease of teeth penetration intc the sample and 
the breakdcwn of the sample on 

chewing thereafter. 

mouthfeel on chewing. 

elastic response on chewing and tendency of the 
sample to stick to teeth or gums. 

overall textural characteristics of the sample. 


Check one (x) value of each characteristic for 


cae SS ee ee 


Sample Number 


Characteristic 


Firmness: 


Smoothness: 


Glueyness: 


1 2 3 ub 2 


very firm 
firm 

slightly firm 
soft 

very soft 


very smooth 
smooth 

slightly coarse 
coarse Or grainy 
lumpy 


not gluey 
slightly gluey 
moderately gluey 
gluey 

very gluey 


Ranking Test: Disregard flavor or color differences, insert the 
number of the sample in an appropriate class with respect to 
their textural qualities. One or more sample can be in any one 
class but none can be in more than one class. 


Excellent Very 


Comment: Please 


Good Gocd Fair Unsatisfactory 


give your ccmment or suggestion on the testing 


method or on color, flavor, and texture of any sample in the 


space below: 


Figure 20. Scoring sheet for the first )set of 
texture panel evaluation. 
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DALEY 
NAME: _ 


=———_—— 


Definitions: 

Firmness: ease of teeth penetration into the sample and 
the breakdcwn of the sample on chewing 
thereafter. 

Smoothness: mouthfeel on chewing. 

Glueyness: elastic response on chewing and tendency of the 
sample to stick to teeth or gums. 


Overall: overall textural characteristics of the sample. 
Parameter 
Range of score Firmness Smoothness Glueyness Overall 
9 extremely extremely not gluey excellent 
firm snooth 
8 
7 moderately moderately slightly very good 
firm smooth gluey 
6 
5 not firm not smooth moderately acceptable 
gluey 
4 
5 moderately moderately gluey not 
soft coarse acceptable 
2 
1 extremely extremely extremely awful 
soft coarse gluey 


Scoring Method: Insert one figure corresponding to the 
considered score of each parameter as given above in an 
appropriate box for each sample and each parameter. 


Sample Number 
Parameter 
Firmness 
Smoothness 
Glueyness 


Overall 


Comment: 


Figure 21. Scoring sheet for the second set of 
texture panel evaluation. 
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VIII. OBJECTIVE MEASUREMENT OF TEXTURE 


a a a a ee wee we Se 


i. The mashed potato samples were the same as 
those used for the sensory evaluation (SECTION B: 
Ay 

ii. A texturometer (SECTION B: II.) with a 2 in 
diameter flat-surface plunger. 

iii. Daytronic Transducer Amplifier-Indicator 
Model 300D. Daytronic Corp., Dayton, Ohic. 

iv. Moseley 135A X-Y Recorder with an output range 
of 0.5-50 mv/fin Hewlett-Packard, Moseley Division, 
Calat. 

ve. A plastic vial of known internal volume (3 cm 
internal diameter, 4 cm internal height). 


vi. Ctt-Planimeter. Burrell Corp., Fittsburgh, Pa. 


2. Methods: 
a. Measurement of firmness and glueyness. 
During the second set of texture panel 
testing, after each session, the same samples were used for 
the objective measurement. All measurements were done at 


room temperature. 


For the texture measurement, a cylindrical sample 


of 0.75 in diameter and 0.75 in height was prepared using a 
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b Wee: 


cork borer and a wire cheese cutter, by carefully packing 
the product into the cork hbcrer so that no air was occluded 
in the sample. The uniformly packed sample was then cut at 


both ends with the wire cutter to the required size. 


The sample was placed squarely in the center of 
the load cell platform. The plunger was driven downward at a 
constant speed of 5.7 inymin directly on to the sample until 
it was compressed to 1/6 of the original height. The plunger 
was then immediately reversed upward until it was pulled 
clear of the sample surface. Three replicates were measured 


for each sample. 


The forces needed to compress the sample and to 
pull the plunger clear of the sample surface were recorded 
directly on the Moseley X-Y recorder with the pen moving at 
a uniform velocity in the X direction. A typical force-time 


curve is shown in Figure 22. 


The areas A1 and A2 were then measured using the 


planimeter. 


b. Determinaticn of density. 

The density at room temperature of the 
samples in the last three sessions of the second set of the 
texture panel testing was determined. This was done in 
duplicate by carefully packing the product into the plastic 
vial avoiding trapping air inside the sample. The vial was 


then weighed on an analytical balance. The weight of the 
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sample divided by the internal volume of the vial represents 


the bulk density of the sample. 


The results from both a. and b., together with 
those from the sensory evaluation in the preceding section 
were analysed for their variances, variance Catios, and 


correlation coefficients with the aid of the computer. 
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SECTION CacRESULTS AND DISCUSSION 


ee ee a ee ae ee ee es ae eee 


I. EFFECTS_OF_COOKING ON_ PECTIC SUBSTANCES _IN_PCTATOES 


ae wee wee — — — —— 


1. Starch interference in color development of 


—————— a 


At low concentrations of dissolved starch gel in 
the solution, as ncormally encountered in the pectic 
Substances extracts from pctatoes, the intensity of the 
color developed in the carbazcle reaction increases linearly 
with the increase in the concentration of the gel in the 
solution (Figure 4). The range of the potato starch gel 
concentrations, within which the linearity exists, is 0.0- 


0.036% (W/v). 


The intensity of the color developed by D- 
galacturonic acid also increases linearly with the increase 


in its concentration (0.05% w/v) in the solution (Figure 4). 


When starch gel and D-galacturonic acid sclutions 
were combined in appropriate ratios so that neither starch 
gel nor D-galacturcnic acid concentration in the mixture 
exceeds 0.036% and 0.05% respectively, the intensity of the 
color developed by the mixture in the carkazcle reaction 
also increases linearly. The color intensity of the mixture 
in all cases is equivalent to the combination of the color 
developed by the pure starch gel at the concentration added 
and that by the pure D-galacturonic acid added. Thus it can 


be concluded that at low concentrations of starch in the 
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extract the effect of the starch in the color development 


reaction is additive. 


At high starch concentrations (0.1% wyv), the 
intensity of the color developed by the starch departs from 
linearity while that by pure D-galacturonic acid remains 
linear (Figure 5). Though the color intensity of the mixture 
of the gel and the acid appears to be linear, the correction 
curve constructed for this regicn of starch concentrations 
(Region b, Figure 6), however, does not show linearity as in 
region a, hence its usefulness for the correction is 
doubtful. It is thus imperative that the starch 
concentration in the pectic substances extract, as measured 
in terms of its Elue Value Index, must be kept within the 
linear region of the correction curve. It was found that 
with the proposed extraction method, the starch 
concentrations in both water-soluble and Calgon-soluble 
fractions were within this desired range. It was not found 
possible to keep the starch concentration sufficiently low 
when the potato residue was extracted further with HCl 
solution as done by Bettelheim and Sterling (1°55). This may 
be due to the fact that HCl readily hydrolyses potato cell 
wall, which normally keeps the gelled starch intact within 
its boundary, thus more of the starch is dissolved into the 
extract. In fact, on every cccasion when attempts were made 
to investigate the HCl-soluble fraction, the extract had to 


be diluted several times before the intensity of the blue 
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color was sufficiently low for the colorimetric measurement. 
Furthermore, when this fraction was analysed without 
dilution for its carbazole value, the intensity of the color 
developed was too high to ke measured with reascnable 
accuracy. This extreme intensity was thought to be due to 
the excessively high concentration of the starch rather than 
the pectic substances which may or may not, in fact, be 


present in the extract. 


It is apparent from Tables 7 and 8 that without 
the correction for starch interference, the results of the 
uronide contents in the extracts would have been too high in 
most cases, and the reproducibility of the analyses would 


have been poor. 


The pectic substances of raw potatoes are shown in 
Table 9 along with pectic substances for cooked, and for 
dried potatoes. The pectic substances of raw potatoes in 
both water-soluble and Calgcn-sciuble fractions are 
Surprisingly low. This may suggest that pectic substances in 
Netted Gem potatces used in this experiment are mainly in 
tightly bound forms. The water-soluble pectin appears to be 
higher than the Calgon-solukle pectin. This is contrary to 
those reported by Fettelheim and Sterling (1955) for the 
Same variety of potatoes. The combined amounts of these 
fractions are, however, comparable. The fact that the 


quantity of pectic substances extracted by Calgon solution 


or 
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is low and the "apparent total" obtained from raw potatoes 
is much lower than that from cooked potatoes and the 
granules may suggest that most of the water-insoluble pectic 
substances in the Netted Gem potatoes are not bound together 
by metal ions such as Catt, but instead are bound by other 
stronger bonds as well as by physical enmeshing of the 
polymers in cellulosic fibers of cell walls. These bonds 
cannot be broken or weakened simply by the sequestering and 
hydrolysing actions of the acidified Calgon soluticn used in 
the extraction. Higher energy such as heat in ccoking may 
have to be supplied to disrupt these bonds before the 


extraction with Calgon solution can be effective. 


3. Pectic substances in cooked potatoes 


Water-soluble pectic substances are increased six 
fold whiie the Calgon-soluble fraction is increased three 
fold by cooking. Cooking may thus be the most effective 
method to weaken or dissolve a major part of the cell wall 
binding materials in vegetakles such as potatoes. Cell 
separation can be easily accomplished after cooking. 
Disruption of the cell wall during cell separation is 
avoided partly because part of the pectic substances not 
rendered water-soluble by cooking, i.e. the Calgon-soluble 
fraction still gives strength and flexibility toc the 
cellulose fibres which form the main structure of the cell 
wall. The "apparent total" pectic substances obtained from 


the cooked Netted Gem potatoes is 1.45% dry basis as 
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compared with ©0.7-1.5% dry basis reported by Potter and 
McComb (1957), and 2.4-3.9% dry basis reported by Hoff and 
Castro (1969). This suggests that Netted Gem potatces grown 
in Southern Alkerta contain average amounts of pectic 
substances, and that after cocking a major portion of them 
is rendered water-soluble, while most or all of the 
remaining pectic material is in Calgon-soluble form and is 


hence available te add strength to the cell wall. 


It may be possible to vary the ratio ketween 
water-soluble and Calgon-scluble fractions in ccoked 
potatoes by the ccoking method used. In water-cooking, most 
of the water-soluble pectic substances may be lost in the 
cooking water. The temperature and length of time employed 
in cooking undoubtedly determine the extent to which the 
pectic substances change. It may thus be possible, as far as 
pectic substances are concerned, to find optimum cooking 
conditions whereby an optimum amount of pectic substances is 
rendered water-soluble, and yet sufficient water-insoluble 
portion is retained to maintain the maximum strength of the 
cooked cell wall to withstand subsequent mechanical forces 
in mashing and cranulation steps of granule production. More 
work is needed, however, before such conditions can be 


determined. 
4. Pectic_substances_in potato granules 


were —— 


As expected, there is little change during the 
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subsequent stages cf processing in as far as apparent total 
pectic substances are concerned. This reflects the fact that 
the amounts of both water-scluble and Calgon-soluble pectic 
substances of potato granules remain almost the same as they 
were in the freshly cooked potatoes (Table 9). This is 
particularly true as steam-cooking is used, and no loss 
through "drips" cr “expressed juice" occurs in the 


subsequent processing steps. 


II. EFFECTS OF TEMPERATURE OF COOKED POTATOES 
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Results from trial runs for puncture and 
compression tests on cooked potatoes (Tables 10 and 11) are 
in agreement with those reported by Voisey et al. (1969) 
which showed that firmness cf potatoes varies widely among 
different parts of a tuber. It appears, however, that 
careful selection of sample tubers for similar size and 
shape and the effects of cocking have reduced the variation 
of the firmness within tuber somewhat. For the compression 
test, samples taken around the middle part give results 
which are in reasonably close agreement. The two lowest 
values (Figure 12, positions 6 and 10) were rather closer to 
the edge of the tuber than the other samples. This may 


indicate that the compressive strength is lower near the 
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Table 10. Results of the fable Wie results of the 
trial compression trial /puncture 
tests. Les is. 

Lacation Force at) breaking Location Relative area 
point, gm under curve 
1 769 1 ike’ 
2 ne S Zz al 
3 730 3 62 
4 a23 4 60 
5 748 5 44 
6 559 6 58 
7 TSS 7 76 
3 846 8 66 
9 Boo ) 70 
10 645 10 56 
Average TES oT 11 72 
V2 43 
3 71 
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outside of the potatoes where the amount of cocking is 


greatest. 


For puncture test, however, no definite pattern 
could be drawn. Thus, in the subsequent puncture tests, it 
was decided that the tests should be performed along or 


parallel to the longitudinal axis of the tuber. 


Further attempts were made to reduce the variation 
between tubers. This was accomplished by the fact that, 
where possible, the same tuker was used for the measurements 
over the whole range of temperatures starting from highest 
to lowest. Hence, any variation in the results that is not 
due to the change in temperature will be due only to the 
variation within the tuber itself, which can ke kept to a 
minimum if appropriate parts cf the tuber are chosen for the 


tests. 
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The results of the puncture and compression tests 
at various temperatures of cocked potatoes are shown in 
Table 12. It is apparent that temperature has a profound 
effect on the strength of cooked potato tissue as measured 
by both tests. Figures 23 and 24, in which compressive force 
(log) and relative area (log) fer puncture test, 


respectively, are plotted against temperature of the cooked 
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Figure 23. Effect of temperature on firmness of cooked 
potatoes as measured by compression test 
using a texturometer with a flat-surface 
Nntunger compressing a cylindrical sampte on 
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Effect of temnerature on firmness of cooked 
potatoes as measured by puncture test ustIng 
a texturometer with a cytindrical probe 
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potatoes being measured, show that firmness of the intact 
tissue increases logarithmically with the decreasing 
temperature. This means that strength of the tissue 
decreases with increase in temperature. This, in turn, means 
that at higher temperatures, less force is needed to mash 
the potatoes. This may be due to the fact that at high 
temperature the chemical bonds in the gel network both 
rene and outside the cells are weakened by the heat 
energy. As the temperature of the cooked potatoes drops the 
resistance to cell separation increases as the gel starts to 
set and hence the binding ferces between cell walls become 
stronger. This is expected to result in tearing or rupturing 
of the cell walls in many cases permitting the cell 
contents, which are essentially gelatinized starch, to 
escape. To confirm this, determinations were made of 
percentage of cells broken at various mashing temperatures, 
and the results are shown in Table 13. The percentage of 
broken cells increases very rapidly as the mashing 


temperature is reduced. 


When the cooked potatoes were frozen and thawed, 
the force needed tc puncture or compress the tissue was 
again reduced. At 5°C where the frozen potatoes were 
completely thawed, the force needed was similar to that with 
a temperature of 80°C. This may be due to the fact that 
while the amounts of the cell binding material, which 


consists essentially of pectic substances and extracellular 
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Table 13. Percentage broken cells in cooked 
potatoes mashed at various 


temperatures. 


Temperature at mashing, °C % Broken cells 

After cooking: BO. Va a 
4Qo 12-45 

ass 20250 

10° G53 

After freezing: 0° (partially thawed) De CU 
10° (completely thawed) Ze 

* 80° {reheated) De 

* 25° (recooled) AS. u 


* The samples were slightly darkened after reheating. 


\ L2oco 
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starch gel, were similar in both instances, at 80°C the 
formation of strong bonds in the gel network was prevented 
by high heat energy. Whereas, after freezing and thawing the 
major proportion of the starch gel was forced to retrograde 
(French, 1950) and most other bonds in the gel network were 
destroyed by ice crystals. When the thawed potatoes were 
reheated to 75°C the force required was decreased even 
further to lower than either that at 80°C or that at 5°C. 
This may be because the bonds in the network of the cell 
binding material broken during the freeze-thaw treatment 
were unable to reform, while the unbroken ones were weakened 
further by the increased heat energy. Reheating of the 
potatoes, however, was acccmpanied by the after-cooking 
darkening which is the result of the chemical reaction 
between metallic ions, particularly Fe, with phenolic 
compounds such as chlorogenic acid (Hawkins et al., 1959; 
Smith, 19583 Hughes et al., 19623; Hughes and Swain, 1962; 
Hughes and Evans, 1967, 1969). When the reheated potatoes 
were again cooled to 25°C the firmness again increased, but 
not to the same levels as ckserved with the samples without 


freezing and thawing. 


This phenomenon has a direct bearing on the 
success of the process at the granulation step. During pre- 
drying, prior to granulation, the frozen and thawed mashed 
potatoes are reheated. The temperature of the potatoes 
during granulation was usually slightly lower than room 


temperature (about 25°C). It was found that if the potatoes 
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were not frozen and thawed prior to these steps, it was very 
difficult to keep the potato tissue stirred during the pre- 
drying, and to separate the cells during the granulation, 
with the result that excessive damage to the pcetato cells 
occurred. Broken cell counts are not reported as the number 
of cells broken was so great as to make a cell count 
meaningless. With the introduction of the freezing and 
thawing step, however, this difficulty is overccme. 
Furthermore, the temperature of the potatoes during pre- 
drying and granulation steps does not usually rise much 
higher than room temperature, and is not sufficient to cause 


after-cooking carkening. 


It should be noted, however, that if the frozen 
potatoes were not completely thawed before mashing, the 
potatoes sustained significant damage from the mechanical 
forces resulting in a higher percentage of krceken cells than 
if they had been completely thawed (Table 13). This is 
conceivably due to the fact that the potato cells are bound 
together with ice which, on mashing, the rigid cells may be 
broken rather than separated as in the case of completely 
thawed potatoes. Also, the rigid ice crystals may damage the 
cells on impact during maShing. This observation is in 
contrast with the processing method patented by Rivoche 
(1951a, 1951b) in which the frozen potatoes were first 
reduced to a snow mist in a hammer mill prior to spray 


drying. The high proportion of damaged cells in the granules 
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produced with that method may attribute to the fact that the 


technique has never been used ccmmercially. 


When correlation coefficients were calculated 
directly from the values obtained from the experiment, that 
of the compression test vs temperature is significant at 1% 
level. The ccrrelation coefficients of the puncture test vs 
compression test, & broken cell vs puncture test, and % 
broken ceil vs compression test are significant at the 5% 
level, while those of the puncture test vs temperature, and 
% broken cell vs temperature are not Significant (Table 14). 
However, when logarithmic values of the compression and 
puncture tests and of the %* bkrcken cell were caiculated 
(Table 15) and plotted against temperature (Figures 23, 24, 
and 25) better correlations were obtained. The correlation 
coefficient of % broken cell vs temperature also becomes 
Significant at 1% level. This suggests, as previously 
mentioned, that btoth firmness and % troken cell increase in 
logarithmic fashion with the decrease in temperature. The 
results also confirm the report of Voisey and coworkers 
(1969) that either simple puncture test or compression test 
can be used to measure the firmness of potato tissue. The 
results from the present experiment seem to suggest, 
however, that compression test is somewhat more suitable for 
evaluating the strength of the cooked potatoes. This is due 
to its somewhat better reproducibility, and higher 
correlations it gives with potato temperature and percentage 


broken cells, 
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MASHING TEMPERATURE.°C 
Effect of mashing temperature on percentage 
of broken cells. The cooked potatoes were | 
mashed for 4&5 seconds at top speed in 
KitchenAld mixer. 8roken cells were counted 


under microscope at 199x. 
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It would therefore appear that for successful 
mashing, the ccoked potatoes must be mashed at high 
temperatures, preferably not lower than 70°C, using a 
relatively high speed mixer for an appropriate length of 
time so that the potato cells are completely separated into 
small units of single cell or aggregates of a few cells. 
Mashing should not be unnecessarily prolonged as this will 
also damage the cells as they are subjected to repeated 
compressive and shearing stresses while their temperature is 
gradually decreasing. Heat loss through evaporation should 
be reduced as much as possible by mashing in an enclosed 


Space. 


It would also appear that freezing and thawing is 
a necessary step in the prcposed processing technique, as it 
further reduces the force necessary for the separation of 
the cells to a value lower than any other method. It makes 
possible pre-drying of the mash at an elevated temperature 
in a stirred-bed dryer, and granulation at room temperature 


or lower with little damage to the potato cells. 


1. Effects of surfactants on pure amylose 
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Results in Table 16 and Figure 26 are in agreement 
with Osman et al. (1961) who showed that a surfactant 
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reduces iodine affinity of amylose to a minimum value beyond 
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Table 16. Reduction of Blue Value Index (BVI) * 


of free amylose by Myvatex. 


& Myvatex in Absorbance, 
0.01 % amylose soln. o40 nm 
0.0090 0. 2820 
0.001 0.2740 
Ge 002 OF 2665 
0.003 Wn2990 
0.005 0. 2390 
0.007 0.2250 
0.010 OS ent 
0.020 021705 
0.030 0.1770 
C.050 (ere hae fe) 


* Blue Value Index is the absorbance reading of starch- 


iodine complex at 640 nm. 
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which it could ke reduced ne further by addition of more 
surfactant. Figure 26 shows that Myvatex can reduce the 
iodine affinity of amylose in direct proportion to its 
concentration in the soluticn, until the concentration 
increases to about 0.0075% when the effect starts to level 
off. The absorkance of the cclcor complex appears to reach 
its minimum at about 0.05% Myvatex. At these relatively high 
concentrations of Myvatex the measurement of the aksorbance 
becomes difficult due to the increasing opacity of the 


solution as a result of micelle formation by the surfactant. 


2a, Eftects*o£ surfactants on starch gel in 
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cooked, mashed, potatoes 


Tables 17 and 18, and Figures 27 and 28 show the 
effects of Myvatex (a blend of glycerol monostearate (GMS) 
and propylene glycol monostearate (PGMS) with approximately 
20% by weight of hydrogenated vegetable oil) and Myverol 
(distilled mcnoglycerides (essentially GMS) made from lard) 
as starch complexers in mashed potatoes. The reduction of 
the absorbance is almost linearly proportional to the 
increase of surfactant concentrations up to a certain level, 
after which no further reduction is apparent. In the case of 
Myverol, however, there is a curious and as yet unexplained 
situation whereby at the low concentrations of 0.05% for the 
samples analysed immediately after mashing and after 
chilling to 42°F, and of 0.05% and 0.1% for the samples 


analysed after freezing and thawing, their absorbance 
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0.10 Kameemore After freeze-thaw 
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Filepure 27. Effects of Myvatex on Blue Vatue Index (8VI) 
of starch In cooked mashed potatoes. The BVI 
Is the absorbance reading at 640 nm of the 


starch-lodine comptex. 
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Figure 28. Effects of Myverot on Blue Vatue Index 
(BVI) of starch In cooked mashed potatoes. 
The BV! ts the absorbance reading at 640 


nm of the starch-iodine complex. 
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exceeds that of the sample to which no Myverol was added 
(Figure 28). Its behavior at higher concentrations, 


nevertheless, is essentially the same as that of Myvatex. 


It is interesting tc note that Myvatex which is a 
blend of glycerol monostearate (GMS), propylene glycol 
monostearate (FGMS) and hydrogenated vegetable cil appears 
to be more effective as a starch complexer in mashed 
potatoes than Myverol which consists essentially of GMS. 
Figures 27 and 28 show that the cptimum concentration of 
Myvatex to produce minimum aksorbance is 0.2% where as that 
of Myverol is about 0.3%. Furthermore, the minimum 
absorbance induced by Myvatex appears to be somewhat lower 
than that by Myverol, which may suggest that Myvatex can 
complex starch in mashed pctatoes more completely. This may 
be due to the combined effects of GMS and PGMS in Myvatex. 
It has been shown (Birnbaum, 1955, 1971; MacDonald, 1968) 
that a multi-component emulsifier system performs Letter 
than any of its individual compcnents even though the 
hydrophilic-lypophylic balance (HLB) value is the same for 
each system. This may be due to the formation cf stronger 
surface films since several surfactants may fit together 
more intimately because of their structural configurations 
and form a more closely packed protective layer on the 
surfaces, with fewer interstitial voids than single 
component systems. Birnbaum (1671) stated further that 


combined surfactants also lower the concentration required 


- - 


on 
- 


- 


ae 


bebhe eau ianvte on las: Me ting ad BREE 
caesiseatassas tedpld f6 Tobvaded afi (RS 0 
aeanvyt Yo tote wee ia Renate ra, 


- 


o nt deliv cernsqe t049 es0n-92 gaksaewesat at 3% i” 
[osyly eusiyqosy . (28) gaazeetuoaos Loraoqig 20 baeld 
aguaqgqge Lio aidetore? Oo fetepeghyd Bas (2893) otazserecgos 
Bedacs ui) 2is0l gece jAegate. » an ovEsoehte er0e edie 

289 So elleteewree stategod dotde Lorevyh aedd seoseseg 
Ye woltettawoden eosssqgo wi» ged? vote 15, ban TS eogrgkt 
$683 He oretw £510 ah eveatsecade evatals e2¢)0714. 67 soratyA 
wwe tals wad o2naredrxet #2 0 2tvods st Lozovys ‘so 

sevul doduacoe ef Of ezeeate eelevys Ed basubul sound zoeds 
4eo “etouet 204% faepous qou dside ,bozevyé qd. tots cade 
eae abd? .tiate(qe> stoe avoretog sodaaa ah. dozhte reigadg 7 
Seeneee at 2004 fio S22 to adoetie hegidaos ed ot sob ae 
(Geet ,~hisaetoen sfTet ,22e? ,anedeslG) avod2 ieod sai 3t | 
ist%eJ .caselgeg @eieTo TeLileives sandoqaoo-isine 4 28dt 
vi? wpIOgr aeve i$ neboqens Loubiebent 23i 20 yea nadg 

197 ween ot <é epsey (Sill) soaesat cit thasati-oel Ldanabees 
tepnuass fo WeMteeIe HAF oJ, e0F od you B24T. seotets dee, 
redawgod O82 een ta igzvevee enale eulit vontaie 
anolte a ib erclsleanemeanic! 
ede an segel , 4 besoas eeaty e108 6 e103 1 


157 


to achieve critical micelle concentration (CMC) as compared 
to a single surfactant species. This may account for the 
fact that less Myvatex is needed to achieve the minimun 


absorbance than Myverol. 


When the mashed potatoes were cooled to below room 
temperature, e.g. 42°F, the absorbance of the control was 
considerably reduced. This is equivalent to the conditioning 
or tempering effect in the add-back process as repcerted by 
Olson and Harrington (1955), in which the starch gel which 
has not been ccmplexed by surfactants undergoes 
retrogradation. The samples with surfactants added, however, 
Show no appreciable difference in their absorbance at this 
temperature frcem that at higher temperatures. This is almost 
certainly because the major portion of the released starch 
gel which should have been available for retrcgradation 
process at 42°F was complexed by the surfactants leaving 
very little or none to retrograde, at that particular 


temperature, tc further reduce the absorkance. 


When the mashed potatoes were frozen and thawed, 
however, the relatively stable starch gel which has not been 
complexed nor retrograded was forced to retrograde by the 
freezing process. This is in accord with the cbservation 
made by French (1950). Figures 27 and 28 show that even 
though the aksorbance is reduced considerably ky freezing 
and thawing alone, as in the case of the control, the effect 


is even greater with the additicn of surfactants. It would 
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therefore appear that the use of surfactants is necessary in 
the freeze-thaw precess to reduce the amount of free starch 
to a minimum value, and so make it possible to froduce high 
quality potato granules using a direct process. With the 
freeze-thaw process the required levels of surfactants are 


well below the flavor threshold. 


The above phenomenon is supported further by the 
data of Table 19 which shows that granules processed without 
surfactants added exhibit much higher blue value index (BVI) 
than those with surfactants added. It was found in the 
course of these studies that no acceptable granules could be 
produced, with the proposed direct process, without the aid 
of freezing and thawing even when surfactants were added. 
The mashed potatoes without freezing and thawing cculd not 
be pre-dried without causing extensive cell damage after 
which it was almost impossiktle to granulate them to fine 
powder. Some fine powder was produced without freezing and 
thawing, but on reconstitution the product was so gluey as 


to be entirely unacceptable as a mashed potatc product. 


As can be seen freom the results in Table 19, the 
BVI of the granules processed with surfactants is slightly 
lower than that of the commercial flakes. The BVI of the 
commercial granules is much lower than that of other 
products. This is presumably due to the fact that apart from 
containing high amounts of surfactants and several other 
food additives such as vegetable fat, artificial flavors, 


and pepper, the particular commercial granules also contain 
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Table 19. Blue Value Index (BVI) of potato granules 


and flakes. 


Sample Absorbance, 640 nam 


Wet Basis Dry Basis 


Granules processed without surfactants 0.1180 Oye REE 
Granules processed with surfactants 0.0440 0.0460 
Commercial granules 020450 9.9160 


Commercial flakes 0.0460 0.0497 


considerable amounts of powdered skim milk, the combined 
amounts of which reduce the proportion of potato granules in 


the product appreciably. 


The surfactants also have a significant effect on 
the texture of the reconstituted product. The texture panel, 
the details of which are discussed in Section C. VII. 1., 
rated the overall characteristics after reconstitution of 
the granules processed with surfactants, using the proposed 
technigue, comparable or slightly better than those of the 


commercial granules and flakes used in the tests. 


It would appear from these experiments that the 
use of surfactants significantly improves the quality. of the 
product, and it is therefore recommended that they be used 
in any process using the freeze-thaw technique. Myvatex 
seems to be superior to Myverol for this purpose and is 
easier to handle as it is ir granular rather than a pasty 
form. It can be added to the potatoes while being mashed as 
the heat from the cooked petatoes is sufficient to melt it 
down so that it can be thoroughly mixed with the potatoes. 
The level of Myvatex used should be at least 0.2% based on 
cooked potato weight. Excessive amounts of the surfactant, 
however, are not useful, and in fact, can lead to an 


undesirable "soapy" flavor in the product. 
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When surfactants were added to a clear pectin 
solution it becomes opaque. The opacity increases with the 
increasing concentration of the surfactants. This cloudiness 
may be attributed to the precipitation of pectin by the 
surfactants at low concentrations in similar manner to 
precipitation of amylose by surfactants. At higher 
surfactant concentrations, the opacity may be attributed to 
both the precipitation of pectin molecules as well as the 
formation of micelles by the surfactant molecules 
themselves. Birnbaum (1971) reported that there is a 
critical micelle concentration (CMC) for a surfactant in an 
aqueous soluticn at which micelles start to form. Ee was of 
Opinion that at very low concentrations the surfactants are 
present in the aguecus phase as single molecules. As the 
concentration is increased the surfactants molecules can 
withdraw their lipophilic groups from aqueous environment by 
adsorption as an oriented monolayer, or by forming micelles. 
At still higher concentraticns, the surfactants form liquid- 
crystalline mesophases or dispersions. When the 
concentrations are high enough as in the cases of 0.5% 
Myvatex and higher (Table 20), and 0.05% Myverol and higher 
(Table 21) the micelles coalesce and form large globules 


most of which’ float to the top of the solution. 


The visccesity of pectin solution decreases with 
the increase in surfactant concentration until a minimum is 
reached after which further addition of the surfactants has 


no effect or, in most cases, increases the viscosity 
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(Figures 29, 30, 33, and 34). The decrease of the solution 
viscosity at low surfactant concentrations may ke explained 
that since the pectin molecule is a linear chain of 
galacturonic acids linked together by 4-1,4 linkages, as in 
amylose chains where glucose units are similarly linked, it 
is possible that the pectin chain with certain amounts of 
methylation can form complexes with monoglycerides. This may 
be accomplished by the linear chain rearranging itself into 
a helical configuration enveloping the monoglyceride 
molecules, such as the clathrates formed between amylose 
chain and surfactants. The formation of the complex, 
however, may be far from complete due to strong polarity 
exerted by the carboxyl groups in the pectin chain which 
tend to repulse each other. Hence, degree of methylation of 
the carboxyl groups may be very important in such a case. 
The higher the degree of methylation the more intimate the 
neighboring galacturonide moieties can come together to form 
a helical structure. The icnic nature of the surfactants may 


also play an important role in the complex formation. 


If such complexes are formed, the pectin chains 
would be at least partially withdrawn from the gel network 
resulting in the decrease in the solution viscosity. The 
amounts of the complexes would increase with the increasing 
concentration of the surfactants until the saturation point 
is reached, after which the viscosity of the mixture would 


again increase due to the formation of the micelles and 
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globules by the extra amounts of the surfactants. The 
hypothesis that the increased solution viscosity is 
contributed by the excessive amounts of the surfactants is 
further supported by the evidence obtained frcem measuring 
the viscosity of the surfactants dispersed in distilled 
water. The data presented in Tables 22 and 23, and Figures 
31 and 32 show that both Myvatex and Myverol cause the 
viscosities of the dispersicns to be greater than that of 


distilled water, particularly at high concentrations. 


Further work, possibly using experimental 
techniques such as X-ray diffraction is necessary to 
ascertain whether cr not pectins do form complexes with 
surfactants. Pectins of varying degree of methylation should 
be used to determine whether the number and spacing of 
unprotected carboxyl groups are, in fact, the factors 


limiting the extent of the complex formation. 


For practical purposes in production of potato 
granules, it should be noted then that the surfactants not 
only reduce the stickiness exerted by the starch fraction, 
but they also reduce the strength of the pectin gel in the 
mashed potato matrix which is formed after cocking and 
mashing. Thus, the separation of the cooked potato cells 
during pre~drying and granulaticn can be accomplished even 
more easily because of this extra function of the 


surfactants. 


It is interesting to note also that, contrary to 
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Table 22. 
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Viscosity of Myvatex dispersed in water. 
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Wable 23. Viscosity of Myverol dispersed in water. 
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* Some Myverol coalesced and separated out when cooled. 


** Most of Myverol coalesced and floated to the top when 


cooled. 


measurement at low temperatures. 


Sometimes it badly interfered with the viscosity 


Special care was taken 


so that the Myverol globules did not come in contact with 


the spindle when the viscosity was being measured. 
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Figure 33. Effect of Myvatex concentration on viscosity 


of pectin solution at various temperatures. 
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Figure 34. Effect of Myverol concentration on 
viscosity of pectin solution at 


variaus temperatures. 
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what has been shown in the case of starch, Myverol appears 
to be more effective as a pectin complexer, as a lower 
quantity is needed to give a lower minimum viscosity in 
pectin solution than does Myvatex (Figures 33 and 34). This 
may be due to the differences in HLB as well as in molecular 


size and configuration. 


These data would suggest that it may ke 
appropriate to use a mixture cf a minimum of 0.2% Myvatex 
and a minimum of 0.05% Myverol, based on cooked potato 
weight, as a more effective ccmbination of surfactants in 


potato granule production, than 0.2% Myvatex alone. 


The physical property data used in the freezing 
rate experiments are shown in Table 24. The freezing point 
agrees with that of Anderson (1959) but the density of the 
mashed potatoes is slightly greater than the density of raw 
potatoes on which his measurements are based. The thermal 
conductivity data and the latent heat are calculated from 


the equations given by Earle (1966). 


Table 25 and Figure 35 show that the surface heat 
transfer coefficient (hs) cf mashed potatoes is lower for 
larger cubes than it is for smaller cubes. Extrapolation of 


the hs vs size graph to small cubes gives hs = 6.27 Btu/sft? 
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h °F, and a freezing time cf only about 6 minutes for a 1/4 


cw in cube. 


If the surface heat transfer coefficients observed 
in these experiments can be used as approximate values for 
other shapes of mashed potatoes under similar conditions, 
then approximate freezing times can be calculated. For 
example, a layer of mashed pectatoes 1/4 in thich will take 
approximately 18 minutes to freeze, with the surface heat 
transfer coefficient being the factor controlling the rate 
of freezing rather than conduction of heat from the 
advancing ice face through the layer of frozen material to 


the surface. 


Further data will of course be required for 
detailed design of a freezing system; the freezing times 
calculated from these experiments do indicate that a 
continuous belt in a blast freezer tunnel is probably 


practicable. 


In thawing of the frozen potatoes the process is 
the reverse of freezing (Ede, 1949). That is, to thaw a slab 
GLIA tine “thick fwithsinitial *temperature*of*3s0°r anta 
thawing tunnel whose air temperature is about 70°F and air 
velocity is about 3,000 cu ft/min, should take approximately 
18 minutes. With a higher air temperature and/or air 


velocity it should, of course, take less time. 


Thus, it is believed that both freezing and 
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thawing of mashed potatoes can be a continuous process using 
continuous freezing and thawing tunnels. The size and 
capacity of these tunnels can be approximately estimated 
using the physical properties of mashed potatoes oktained in 


this experiment. 


The thawing must be complete before proceeding to 
the next step, i.e. pre-drying in a stirred-bed fluidizer, 
otherwise it will not be possible to stir and dry the 
potatoes uniformly. Unnecessary cell damage may occur if the 
incompletely thawed potatoes are processed further due to 
the breaking of the frozen mass and shearing of the soft 
cells against the rigid ice crystals. Once thawed, however, 
the potatoes should pass to the next processing step 
immediately to avoid undue raising of temperature which may 
result in reabsorption of the released water back into the 
cells as observed by Greene et al. (1948). This reabsorption 
of moisture into the cells has a deleterious effect on the 
pre-drying and granulation steps of the present precess as 
was discovered when the material was allowed to stand for an 
extended period of time after thawing. Among other effects, 
the drying rate was lower than similar runs which were pre- 
dried soon after thawing, and the material was distinctly 
less easy to handle. Also, microbial contamination and 
growth, as well as undesirable chemical changes, may occur 


if the delays are unduly long. 


et _ 
| . ar 


a 7 - 
7S . a 
palay. ‘anno, acound Cae jada 
ate orbe 047 eaten pudwed: 


Site 
hovyestitae risanedzony ad 


ents ai 

ai Sentasdo ge020 909 : Redes e 40 cs Esanioat Tastepid ony” 
>i) SNe Si ae a 

: : f49abaeque- 


_ ’ o : --* = 


oF paliersorg. e1cied siolyacs ef sane pinkWndt ‘ode igs 
(peeebiet! ted-tes2itc a ae pulpab-eqy - re wavs saae nang 


4? cit tae zi30 02 wlidinacy @6,95 lie ba saleredso 
Se 7 


c 7 1U1ISO | TOS BRATS ties V2 guaeOnT rerscer scomnset 
; oo 
43 wth sedts@) beees00s4 Sls) 890787 nsests iszelqucans 
as : S 7 
ston 24% tc @aizeote bce 2an0 Betnsy e472 2? pobhasad sat 


4G ssiaiay2: oxi Bipia ot? taaiaps éties 7 


‘ F 
qa2p pnleenooze face od? ao Baey hivodé seosetog od% 


- 
C) 
» 
| 
o 
a 
© 
+ 
“7 
¢ 


sa dolte ©70I6g5q00) 96 Gehalas. ecbau biovwse OF yiosaibeesl 
i we 7 
od: oral ered cadee Coseetos af7 fo Joffe q20sdas7 22 vilvueer.- 


aaisg7voeden: Gl f> ,.fOT) 2a fe e0838 Tt Savizeado. 49 alia! 


fs G0 Javits nial :.a0 alied oft oFnt »msatoa¥0 ; 


ax i. 


Pe bps. 


ee chetote teddy BEF-So egete ackeet veer bas ealysiran 
ak 3 iu ez0 @¢ Sevosid Gow Lay tatee add aodv searrnes-g = 
~«y?oe tie 30099, @stomd’ pibbesds Fose emis - to eotzeq an iat 
-93q orev doldw a. dads pen erates eatyab: 

tiaeat rete ane is iave ate og 2 
: has p naeton tents 2m, Lede 
_iaa0 ane enohentis 


179 


vi. RE 


ND PRODUCT CHARACTERISTICS 


ee re a ee ee Se ie i ee 


1. Pre-drying, granulation, drying, and cooling 


A good many trial runs were done with the 
fluidized-bed dryer before the present modifications of the 
equipment were effected and the ideal conditions for the 
processing were obtained. Data from these runs are not 
reported here due to their multiplicity and complexity. The 
results reported in Tables 26, 27, 28, 29, and 30 are those 
obtained under ideal or near ideal conditions with the 


present equipment. 


It should be noted that in all cases in pre- 
drying, the drying conditions were set such that the drying 
rate was at maximum. This was accomplished by high drying 
air temperature and high air velocity while the potatoes 
were slowly stirred at about 20 rpm. The heat and mass 
transfer rates in the bed were sufficiently high so that the 
temperature cf the potatoes was kept low, i.e. around room 
temperature or lower. This is so that the benefit rendered 
by the freeze-thaw technique is not lost by water 


reabsorption by the cells as would occur if the temperature 


was higher. 


Towards the end cf pre-drying, the moisture 
content of the potatoes enters the critical range of 45-35%. 
This could be visually determined by the fact that at this 


stage most of the potato is suspended in the air stream at 
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the air velocity of about 330 ftymin If the process were 
continuous, consisting of separate units of a pre-dryer and 
a granulator, the suspended particles could be carried away 
in the air stream into the granulator for the subsequent 
granulation. In the present studies, however, the 
granulation was performed in the same unit of equipment as 


the pre-drying. 


At this stage the drying air temperature was 
reduced to about room temperature and the air velocity was 
reduced from about 330 ft/min to about 30 ftymin. The drying 
rate at this stage dropped sharply to minimum. This is 
necessary as granulation can be accomplished quickly and 
efficiently at this stage by applying high compressive and 
shear forces through increasing the stirrer speed from 20 
rpm to about 48C-5C0 rpm while the moisture content is kept 
within the critical range. The granulation is accomplished 
within a short time cf 5-10 minutes while the moisture 
content of the potatoes is slowly reduced through the 
critical range to normally slightly lower than 35%. If the 
granulation was terminated too soon, as in Run No. 3, and 
the potatoes entered drying step while still moist and not 
sufficiently granulated, the amount of the -60 mesh fraction 
in the product would be considerably reduced (Tables 28 and 
31). On the other hand, if the granulation was initiated 
rather late, as in Run No. 5, when the moisture content of 


the potatoes was already passing through the lower end of 
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the critical range, the result would also be a reduction in 
the -60 mesh fraction (Tables 30 and 31). The conditions in 
Run No. 2 and 4, where granulation began at the moisture 
content of about 42%, and carried on at the high stirrer 
speed for 6-10 minutes until the moisture was reduced to 
about 27%, would thus appear to be ideal for this process as 


the results of these runs were very high -60 mesh fractions. 


At the end of the granulation step, when the 
stirrer was stopped, the temperature and the air velocity 
were again increased. It shculd be noted that towards the 
end of this step the air velocity was increased to about 220 
ft/min at which all the sufficiently granulated particles 
were suspended in the air stream. As in the pre-drying step, 
if the process were continucus and the granulator and the 
dryer were separated the granules would be carried away in 


the air stream into the dryer. 


In the drying step, the drying temperature was 
increased to about 200°F and the air velocity was increased 
to about 330 ftymin until the granules were almost being 
blown right cut of the bed. This step normally takes 5-10 
minutes and gives granules of approximately 12-15% moisture. 
The air velocity was then reduced to about 20 ft/min to 


avoid abrasive damage of the granules. 


The final drying was complete about 5 minutes 


after the reduction in air velocity and was followed hy 
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cooling of the granules to room temperature using an air 


velocity of about 20 ft/min. 


2. Drying rates cf potatoes 


a ee a a ge a ee ae aS eee 


Lescnouldebe noted, (farsteotxaliseathatethe 
calculated results, i.e. air velocity, drying rate, and 
moisture contents, appear reliable. The calculated moisture 
content at various stages cf precessing in most cases 
(Tables 26, 27, 28, 29, and 30), for example, agrees within 
+ 3% of the observed values. The discrepancies, particularly 
in Run No. 2 however, resulted from the fact that when 
samples of the potatoes were taken for moisture analysis the 
drying chamber had to be opened and the collecting bag 
lifted to gain access to the prcduct. Even though only a 
short period of time might elapse during the sample taking, 
the drying conditions e.g. air velocity, drying 
temperatures, were upset so that when the automatically 
recorded temperatures were interpreted for calculations, 
some errors which were not easy to allow for resulted. 


These, fortunately, were minor in most cases. 


During drying, two main flow mechanisms assume 
Major role in the movement cf water in the material being 
dried (Van Arsdel, 1963). In granular solids such as sand, 
the physical unbalance of forces at the interface between a 
liquid and gas or vapor produces the effect of a suction on 
the liquid as that in the rise of a liquid in a capillary 


tube. Hence, in this type of material, capillary flow 
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mechanism controls the movement of water during drying at 
least in the early stages when the moisture is high. In the 
moist body with fine structure and in hygroscopic materials, 
on the other hand, the drying is governed by diffusional 
phenomena. This is the mechanism whereby the water in the 
body diffuses outward due te pressure and water 
concentration gradients. A diffusion resistance factor is 
characteristic cf a material under a particular set of 
conditions. The diffusional transfer mechanism is also found 
to govern the late phases of drying in all cases whatever 


mechanisms the earlier phases are governed by. 


The granular, non-hygroscopic materials exhibit 
two well defined phases during drying. The first phase is 
the constant-rate period where the evaporation rate remains 
constant as the rate of the transport of water from within 
the body to the surface is the same as the rate of 
evaporation of the water from the surface to the 
surrounding. When the material is dried to a certain 
moisture level, however, the rate of water transport within 
the body cannot keep up with the rate of evaporaticn from 
the surface, hence the rate of drying drops and the drying 


is said to enter the falling-rate period (Van Arsdel, 1963). 


Earle (1966) states that many foods such as 
potatoes do not show a constant-rate period of drying, but 
they exhibit quite a sharp break after a slowly and steadily 


declining rate period. Saravacos and Charm (1962) reported 
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that most of the drying of fruits and vegetables takes place 
during the falling-rate period due to their colloidal and 
hydrophilic nature which causes the water molecules to be 
held more tightly. They found that the moisture content at 
the transition point between the constant-rate period and 
the falling-rate period (critical moisture content, Wc) is 
Characteristic cf each material for a given set of drying 
conditions. They found no significant effect of blanching on 
drying rate cf potatoes, but found that higher air velocity 
increases drying rate in the ccnstant-rate period but has no 
effect on the falling-rate period. They reported We of 


potatoes as 77.7&% wet basis. 


In the present studies, a long, well defined 
constant-rate period of potatoes was observed during pre- 
drying step (Figures 36, 37, 38, 39, and 40). In most cases 
the drying rates were somewhat lower at the beginning. This 
is due mainly tc the fact that the drying air temperature 
was low during the come-up time, and that some of the heat 
was spent in heating the potatoes up to the equilibrium 
temperature for the constant rate period. The constant-rate 
period continued until the granulation step when the rate 
dropped due to lower temperature and air flows. It is 
apparent that the drying enters the falling-rate period 
during the granulation step. With the extrapolation of the 
curves it would appear that the critical moisture content of 
the potatoes under these conditions is between 45-40% wet 


basis. This means that drying rate of potatoes under this 
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process can be maintained at a maximum until the potatoes 
are dried to about 40% moisture. Hence, relatively rigorous 
drying conditions can be applied during this period to 
shorten the processing time, which means greater product 


output per unit time. 


The lengthy constant-rate period can be attributed 
to the effects of freezing and thawing of the mashed 
potatoes. Freezing not only toughens the cell wall and 
precipitates the solubilized starch, but renders the 
potatoes much easier to dry. During freezing numerous ice 
crystals are fermed and consequently a great part of water 
within the cells is drawn out into the extracellular 
interstices by csmotic pressure (Hall, 1953) and on thawing 
is available as free liguid outside the cells which can be 
easily evaporated. As the freezing process progresses most 
or all of the water will be transformed to tiny ice crystals 
many of which will form minute passages through the cell 
wall by physical puncturing of the wall. These passages are 
conceivably not big enough to allow the escape of the 
macromolecules from the cell, but are big enough to let 
water molecules pass through with relative ease during 
drying. The mashed potatoes after thawing have a very grainy 
appearance. As the cells are being continuously separated by 
the stirrer, the whole mass behaves in a manner similar to 
wet sand which is a material in which moisture movement is 


predominantly by capillary action in the early stages of 
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drying. Hence, it appears most likely that the hayor part of 
the water in the thawed mashed potatoes exists in the form 
of free or surface water, and that in the early phase of 
drying capillary mechanism plays an important role in the 
movement of water from the interstices between adhering 


potato cells to the surface at which drying is taking place. 
3. Product characteristics 


It iS apparent from Table 31 that the process 
under investigation is capable of producing a high quality 
product. The breken cell ccunt is quite low. In five runs, 
the product frcm Run No. 2 has the highest broken cell count 
(2.1%) which is low as compared to 3-6% obtained with direct 
processing technique described by Lazar et al. (1964). The 
product bulk density is reasonably high with bulk densities 
as high as 0.91 gmycc being obtained in several trial runs. 
The process is also capable of producing a very high 
percentage of fine granules (i.e. -60 mesh). It is believed 
that with more efficient equipment and more effectively 
controlled process, over 90% of -60 mesh granules could be 


regularly achieved in the output. 


The quantity of oversize (i-e. +16 mesh) material 
(which is discarded) is also low, with the maximum value of 
2% occurring in Run No. 4. The average percentage of +16 
mesh granules for the five runs is 1.41%, which is 
significantly lower than the 5% oversize reported by Lazar 


and coworkers. In fact, the oversize material was very 
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frequently less than 1% in the trial runs which have not 
been reported in detail. It would appear that a major factor 
that controls the size of this fraction is the initial 
moisture content of the potatces. In Runs 4 and 5 the 
potatoes had dry matter content of about 19% as compared to 
about 24% dry matter in Runs 1, 2, and 3. In Run No. 4, the 
thawed, mashed potatoes were rather wet and the material was 
more difficult than usual to handle in the pre-drying step. 
This resulted in a considerably longer time being taken for 
this step (Figure 39). The wetter potatoes are more 
susceptible to forming a thin film on the surfaces of the 
fluidizing bowl and the stirrer during pre-drying, resulting 
in the unusually high discard as reported. This problem is 
easily corrected by adding the coarse fractions, i.e. those 
between 16 and 60 mesh, from the previous run to the thawed 
potatoes prior to pre-drying to absorb the excessive amounts 
of surface moisture. The results in Run No. 4, nevertheless, 
has shown that the process is capable of handlirg the 
potatoes with low specific gravities, which are not 


generally considered processable with other techniques. 


Recycling of the coarse particles poses no 
observable problem in this process. The intermediate size 
particles (-16 mesh, +60 mesh) account for only a little 
higher than 10% of the total output, and may be possible to 
lower this quite considerably with more efficient processing 


equipment. The adding of these fractions, prior to or during 
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pre-drying, to the freshly thawed potatoes will in fact 
benefit the process by rendering the mix easier to handle 
and thus further shorten the pre-drying time. No undesirable 
Characteristics carried over by the recycled particles to 
the successive batch of preduct were experienced in the 


present investigations. 


It was observed during the trial runs also that 
"immature" potatoes were unsuitable for processing of potato 
granules due to high proportions of troken cells they 
produced. This may be due to the fact that when they were 
harvested the potato tissue had not been fully developed 
resulting in weak cell walls which could not withstand 
forces during processing. Preliminary study showed that if 
such potatoes were stored at 42°F for at least one month, or 
if they were sprayed with ethrel (2-chloroethyl phosphonic 
acid) and stored at the same temperature for at least one 
week, they could then produce a satisfactory product. Ethrel 
is a chemical which evolves ethylene gas (Warner and 
Leopold, 1969; Yang, 1969) which is a volatile normally used 


to hasten the ripening process of climacteric fruits. 


The moisture content of the product in most cases 
was just over 5% which is ccnsidered ideal for dehydrated 
potato products (Strolle and Cording, Jr., 1965). The level 
of moisture content of the preduct can, however, be easily 
controlled by adjusting the time and/or temperature during 


drying and cooling steps, if this is necessary. 
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Another desirable characteristic of the product 
obtained with this process is its consistent ability to 
reabsorb water, either hot or ccld, on reconstitution. It 
was found that regardless of the variation in the specific 
gravity of the potatoes used, the products always exhibited 
the same consistency on reconstitution with the same ratio 
of product to water. The product to boiling water ratio was 
consistently found to be 1:4 (w/v) for dry and firm 
reconstituted mashed potatoes, and can take up to 1:5 (w/v) 
for a softer product. This reabsorption is greater than for 
the commercial granules used in the texture evaluation 
tests, which gave a comparable product with a 1:3.2 ratio, 


and a soft product with the 1:4 reconstitution ratio. 


The higher water absorptivity can again be 
attributed to the effects of the freeze-thaw treatment on 
the mashed potatoes in the proposed technigue. It may be due 
to the fact that after the freeze-thaw step the cell wall is 
probably more porous, as suggested in Section C. VI. 2., 
hence on reconstitution it allows water to diffuse through 


more readily. 


The lower quantities of granules used per unit 
quantity of reconstituted product will effect Significant 
economies to the consumer whether in the home cr in an 
institutional kitchen. Further, the reabsorption ratio is 
much more uniform than that obtained at times by the add- 


back process. This will have important ramifications in 
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marketing at both the instituticnal and retail levels. 


1. Texture panel tests 


mm rw a be a ewes See 


It is apparent from Table 32 that the product 
produced through the method under investigation has a water 
reabsorption capability comparable to that of potato flakes, 
i.e. the product to boiling water ratio (w/v) is 1:4. The 
commercial granules produced through the add-back method, on 
the other hand, absorb less water for a comparable product 


with the ratio being only 1:3.2. 


The resuits of the first set of texture evaluation 
of the mashed potato samples are shown in Table 33. The 
statistical analysis of the overall characteristic of the 
samples in the first set of the texture panel results (Table 
34) shows that the difference among judges is highly 
significant. The interaction between sample and judge is 
also highly significant. These may be interpreted that not 
only the samples differ widely from one another in their 
textural characteristics, but that the judges also differ 
greatly in their preference towards textural quality of 
mashed potatoes. Nevertheless, the first set cf the tests 
served its purpose to familiarize the panelists with the 
range of the samples and the textural qualities to be 


judged. 
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Table 32. Reconstitution ratios of  déhydrated 


mashed pctato samples. 


Sample* Reconstitution Ratio 


Product ss Boilang Water, (w/v) 


EM et pl (pee! 
Exe, 10 1 ce 4 
Gomney 1 AD se 32 
Com. If 1-2 4 


Ed. Lis atypical product obtained from theapropesed 
freeze-thaw process. 

Ex. II is a speciaily processed product which gives a very 
gluey texture-cn reconstitution. 


Com. I is a commercial potato granule product obtained from 


a local supermarket. 


Come ll is a.,comuetcial potato flake product obtained froma 


local supermarket. 


-beteabydoh Sef eoltas motte tm 


oS 
me are, 0Fnde4 s 
Ss y ay ool ; : zr a 
7 8 - 
) shpat eet eh sem sedeysttdngee saiganes 


2 
iwves} oode¥ politi 3% i 4 
\e) 09 * urn iets ice - " it “he 
- 5 8 pe Ole Ph ¥ 7 “it ; 
* i Q - - a : - 7 
. g.% beat 4 ° , 
aa : 7 pes 4: oe 
: : S.t « ft 
. a > : _ _— 
ane ‘i B.g0? 
: ae « _ 
a ar - oe e 7 
: : ‘i : ; ro 
> 


— a a : he 7 a 7 
~~ Sweeny “297 out bealstdo’ reawoay Lnoegys 6 a 


sfeen fl anos wads~exeaa’ 
| ever o seve dae ruse Dmaagne my tinlpoge «ab aT a 
a aodiesi tenes A ao vant + yer ye 

wa —- = 


ae toniadan aia] siuaere on Exba0s chy 


of 
seas on 


203 


Table 33. Transformed results of the.first series of texture panels. 


Characteristic 


Snoothness Glueyness Overall 


Firmness 


Sapple 


Judge 


No. 
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Table 35. Variance ratios of individual judges ktased on 
their judgment of the overall characteristic 


from®the first’ set off texture panel’ results. 


Judge No. SOUTCE OT Variance Prokhability 
Variation Ratio Level 

1 Day 0.3270 >>0. 100 

Sample 525798 <Ue025 

Z Day OSrOs.2 >>0.100 

Sample 324762 0.050 

3 Day 2.0000 >0. 100 

Sample 5.0000 <0.025 

4 Day 0.3859 >>0. 100 

Sample 2e3053 <0.005 

5 Day 0.5454 >>0.100 

Sample 6.5454 0.005 

6 Day 1.0000 >>0.100 

Sample 1023947 <0.0095 

ei Day 0.3056 >>0. 100 

Sanple 4.6667 0.025 

8 Day aed 17 >>0.100 

Sample 123233 >0.100 

9 Lay C.6667 >>0.100 

Sample Sets Oeuou 

10 Day BP: Bae fs >>0.100 

Sample a ea ge e WF <<0.005 
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in an attempt to screen the panelists for the 
second set of tests, variance ratios of individual judges 
were computed based on their fudgment on the cverall 
characteristic. It appears (Table 35) that none of the 
judges show significant variation in their judging ability 
from day to day. Judge No. 3, however, produced the highest 
"Day" variance ratio of 2.00. Though this is not quite 
Significant at the 0.10 probability level, the variance 
ratio was considerably greater than that of any other judge. 
Judge No. 3 was therefore not included in the panel for the 


second set of texture evaluations. 


With the comments from some panel members in the 
first set of the tests that the five-point scale for each 
characteristic was too narrew for accurate differentiation 
of the samples, the scale was expanded to nine in the second 
set of tests. In this set the judges simply inserted numbers 
from 1 to 9, as the case may he, directly for ¢€ach 
characteristic instead of crossing an appropriate box as in 
the first set. In this way differences among samples were 
more clearly shown, and the results could be analysed 
directly without further transformation. One disadvantage of 
the nine-point scale, however, is the difference in the 
tendency of each panelist to judge low or high. Some 
panelists are more liberal than the others in scoring, so 
their scores may be on the high end of the scale, while the 


more conservative ones may prefer the low end of the scale. 
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Results of the second series of the texture panels. 
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If, however, their tendency is consistent in every session 
of testing, this does not create a problem in the subsequent 
Statistical analyses of the results. This, with few 
exceptions, appears to be the case in the second set of 


tests, the results of which are shown in Table 36. 


The statistical analysis of the results from the 
second set shows once again significant differences among 
both samples and judges (Table 37). The interaction between 
judge and sample in every case except firmness is 
Significant at 0.005% probability level. This would indicate 
that, with the exception of firmness, the judges differ 
greatly in their perception of the textural characteristics 
of mashed potatoes. This may be due to differences in their 
concepts of an ideal product, or to the imperfect 
definitions given to the characteristics, or both. This 
assumption was somewhat confirmed when the panelists were 
interviewed individually after the final session of the 
tests. The interviews revealed that even though their method 
of judging was essentially the same, i.e. from the mouthfeel 
on chewing, their interpretation of the feeling for each 
characteristic was somewhat different and largely governed 
by their personai preference on the texture, and to some 
extent on the flavor of the product. The firmness was 
essentially judged from the resistance of the product to the 
force applied on chewing. The judging of smoothness was 


governed, to a certain extent, by personal preference. There 
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seems to be two distinct preferences. One group (judges 1, 
2, 4, 7, and 8) preferred the product to be slightly grainy, 
thus tended to give higher score for smoothness in the 
samples with coarser texture. The other group (judges 3, 5, 
6, and 9) preferred smooth mashed potatoes, and hence tended 


to give lower scores. 


The glueyness, on the cther hand, was largely 
agreed upon by all judges. Due to the difficulties in 
defining this characteristic precisely, different judges 
seemed to perceive the glueyness slightly differently. From 
the interviews, the majority cf the panelists judged the 
glueyness of the samples by the way they stuck between the 
teeth, gum and the roof of the mouth, while scme also 
included the elastic response of the samples on chewing in 
their judgment. There were some who associated elastic 


response with the firmness of the product. 


The comments made by some panelists also revealed 
that their preference on other characteristics of mashed 
potatoes was also different. White color, for example, was 
preferred by some, while creamy or light yellow by the 
others. Many panelists strongly disliked skim milk flavor 
and "additive" or “soapy" flavor in mashed potatoes as 
exemplified by the commercial products used in the tests. 
The skim milk flavor is attributed to the high proportion of 
skim milk powder in the commercial granules. The "soapy" 
flavor is thought to be due to the high level of additives, 


particularly surfactants, in the commercial potato flakes. 
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The overall view cf the statistical analysis 
suggested that there might ke some correlation between 
individual characteristics, i.e. firmness, smoothness, 
glueyness, and cverall textural quality as judged ky the 
panel. This hypcthesis was verified when average daily 
scores for each characteristic of each sample (Table 38) 
were plotted against one ancther and their correlation 
coefficients ccmputed (Table 39). Table 39, Figures 41, 42, 
and 43 show that when smoothness and glueyness are plotted 
against overall, and smoothness against glueyness, their 
correlation coefficients, -C.7484, 0.8548, and -0.7459 
respectively are significant at 0.01 proktability level with 
that of glueyness against cverall being the highest. This 
may suggest that glueyness and smoothness were associated 
most strongly with the overall textural quality of mashed 
potatoes. Between these two, glueyness was most strongly 
correlated with the judges' preference towards the samples, 
with the more gluey samples being liked the least. The 
strong correlation between glueyness and smoothness may also 
suggest that the smoothness of mashed potatoes may be 
derived from their glueyness or pastiness. This is probable 
considering that the more gluey product results from the 
greater amount of starch released frem the broken cells to 


form a matrix of smooth, sticky gel. 


As the overall textural quality of mashed potatoes 


correlates most strongly with glueyness, it was thought 
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Table 38. Average daily scores of each characteristic 


of each sample. 


Characteristic Firmness Smoothness Glueyness Overall 


Sample Day 
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Table 39. Correlation coefficients between average daily 


scores of @€ach chatacteristic. 


Firmness Smoothness Glueyness Overall 


Firmness 1 =O. 2047 0. 0087 0.0602 
Smoothness -0.2647 1 esos —U.. 7484 
Glueyness 0.0087 =02/459* 1 0.8548* 
Overall 0.06 02 -0.7484* 0.8548* 1 


* Significant at 0.01 probability level (Snedecor, 1946). 
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Figure 4l. 


r= -0-7484 
@ € @ 
6 
e 
@ ° 
@ 
@ 
@ 
e 
® 
@ 
6 Z 


4 Ss) 
OVERALL 
Average daily scores of smoothness 


vs average daily scores of overall. 


214 


_ ; 
i>. 
. 7 
7 
\ 
a 
~ 
7 
* 
_ 
ts 
.7aTO- « % 
* 
. 
. 
e . 
e 
e 
* 
. . 
* 
e 


“ite a , nls 


aa 
gare % aia dies epereve ay a 
. 


. oe -_ = ia 


r= 0.8548 


GLUEYNESS 


oN 


5 
OVERALL 


Figure 42. Average daily scores of glueyness 


vs average daily scores of overall. 
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Table 40. Summary of the Duncan's New Multiple 
Range Test of the mean scores of the 


overall characteristic of the samples. 


Group* 
1 2 
Sample ie dene aS Crate chewy “Rerevie ah Poteey war FETs EXceea 
Mean score 5.639 i ae) SS) ey pees) 3.083 


* There is no significant difference among the samples in 
group 1, but samples in group 1 are Significantly different 
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possible to use this parameter for objective measurement of 
the quality of the product, using a mechanical instrument. 
If the objective method proved successful then perhaps it 
could replace subjective analysis, which relies strongly on 
human factors, in measuring textural quality of mashed 
potato product. The development of the objective method is 


reported an Section CG. Vil. 2.'. 


When the overall characteristic of the samples 
were averaged over four days results and analysed, using the 
Duncan's New Multiple Range Test (Duncan, 1955), the results 
(Table 40) shows that sample Ex. II, which was specially 
processed to represent the most gluey product, was rated 
Significantly lower (at 0.01 probability level) than other 
samples. Samples) Ex. I, Com. I, Com. II, and Control were 
not significantly different from one another. Sample Ex. I, 
however, waS given highest average score, higher than even 
the control sample which was the freshly mashed potatoes. 
The comments from some panelists also suggested that the 
flavor and color of the sample Ex. I resembled more closely 
those of the freshly mashed potatoes than any other sample 


used in this study. 


2. Objective measurement of the texture 


ae me ee ee ee ee ae ee 


The interpretation cf the results of the objective 
measurement of firmness in this study is somewhat different 


from that adopted by Friedman et al. (1963). This is due 
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largely to the fact that, though the principle of 

measurement is the same but the instrument used is somewhat 
different. In the case of the texturometer used by Friedman 
et al. the plunger, on compressing the sample, moves up and 
down repeatedly and automatically on to the sample within a 


set clearance from the strain gauge sensing plate. 


A typical texturometer curve is shown in Figure 
44, Friedman et al. (1963) interpret the value of hardness 
or firmness of the sample from the height of the curve BE1 


divided by the volts input, and the adhesiveness is 


represented by area B3. 


in the present study, the movement of the plunger 
up or down was controlled manually, a typical curve of which 
is shown in Figure 22. The area Al, which represents the 
work done by the plunger to compress a sample down to a 
certain height, was thought more appropriate in this case to 
be the value of firmness of the sample. Area A2, which is 
the work done to pull the plunger back from the compressed 
sample - thus relating to the adhesion between the plunger 
surface and the sample, is the value of the adhesiveness or 


glueyness of the sample. 


When the results cf the measurements (Table 41) 
were analysed statistically (Table 42), the Variance ratios 
show that in every case only the differences between the 
samples are significant at 0.005 probability level. The 


variance ratios cf the other factors and interactions are 


many = 
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not significant. This indicates that the measurement method 
is sensitive enough to differentiate firmness, glueyness, 
and density amcng samples, and that the variation of the 
results of measurement from day to day within a sample is 
not statistically significant. Hence, the methods of 
measurement and interpretation of the results are reliable 


for the purposes. 


The correlation ccefficients (Table 43; Figures 
45, 46, 47, and 48) show that those between subjective 
glueyness and objective glueyness; overall and objective 
glueyness; subjective smoothness and objective glueyness; 
overall and density; density and objective firmness; density 
and objective giueyness; and density and subjective 
glueyness are significant at the 0.01 probability level. 
Those between subjective firmness and objective firmness; 
overall and objective firmness; and density and sukjective 
firmness are not Significant. The high correlation 
coefficients between objective glueyness and sukjective 
glueyness, and overall and objective glueyness again 
indicate that glueyness is the most promising characteristic 
to be used as a measure of the textural quality of mashed 
. potatoes, and that this characteristic can be reliably 


measured objectively. 


Objective firmness does not have significant 
correlation coefficient with either its subjective 


counterpart or with overall. This appears to suggest that 
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firmness, either subjectively or objectively evaluated, is 
not an adequate measure for the textural quality of mashed 
potatoes, or alternatively that the range of firmness of the 
samples tested was too small to be a useful indication of 


the textural quality of the materials. 


The significant correlation coefficients between 
density and both subjective and objective glueyness may be 
interpreted that the glueyer product, i.e. the product with 
higher amounts of released starch gel, tends to be more 
compact. This is conceivably due to the tighter gel network 


which covers the whole matrix of the mashed potatoes. 


It is thus appropriate to propose that for the 
purpose of the quality control of the texture of the 
product, a control chart on which a taximum toleraktle 
glueyness level is specified should be used, together with 
the instrument basically similar to that used in this 
experiment, to determine whether the product is acceptable 
texturally. The maximum tolerable level of glueyness can be 
standardized fcr each unit cf instrument and each set of 
conditions used in the measurement. Using samples with a 
wide range of textural quality, prejudged by a trained 
sensory panel, as standards, the tolerable level can thus be 


set. 


The instrumentation can, of course, be improved 


for higher sensitivity and more accurate control, but it is 
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believed that the kasic principles of the method is 
adequately reliabie for both quality control and product 
development purposes. For the products from similar raw 
Material and same processing technique, this method should 
be ideal. For the products from different raw material and 
different processing techniques, however, care must be taken 
to ensure that the consistency, as judged by a trained 
panel, of the products on reconstitution should be similar 
for a meaningful comparison. Once the reconstitution ratio 
for each product is set to produce similar consistency, as 
in the present experiment, the method should prove effective 


as a means for comparison. 
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Figure 499 Flowchart for the proposed freeze-thaw process. 
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SECTION D. CCNCIUSICNS AND RECOMMENDATIONS 


Conclusions 


le ee as 


The present investigations show that the freeze- 
thaw technique, along with the use of small quantities of 
surfactants, makes possible a direct process for the 
production of potato granules without any add-back. The flow 
chart as shown in Figure 49 is thus adopted for the proposed 


process. 


The product produced in these experiments is of a 
high quality, comparable to or better than existing products 
and freshly mashed potatoes. In particular, the following 
conclusions can be made with respect to the quality of the 


product: 


1. Both the flavor and the color of the froduct 


are very close tc those of freshly mashed potatoes. 


2. The freeze-thaw process yields a product with a 
very low percentage of broken cells, which contributes to 


the lack of glueyness of the reconstituted product. 


3. The freeze-thaw granules reabsorb water rather 
more readily than some commercial add-back granules and much 
more readily (and more rapidly) than potato flakes. The 
freeze-thaw granules produce an instant mashed potatoes with 
firmer texture with less sclid material than other granules, 


which will tend to make the freeze-thaw granules more 
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economical tc use than commercial add-back granules. 


4. The reconstitution ratio (product to water) is 
more uniform than some commercial products when the granules 


are reconstituted to the same consistencies. 


The present studies lead to the conclusion that 
the use of the freeze-thaw technique leads to a precess 
which has a number of advantages over the add-back process. 


These advantages are as follows: 


1. The process invclves fewer steps in the 
processing in that several mixing, pre-cooking, 
conditioning, and recycling steps are eliminated and 
replaced by the freezing, thawing and pre-drying steps. It 
is expected that the elimination of these important steps in 
the add-kack process will make the process much easier to 


control. 


2. The average residence time of the material in 
the freeze-thaw process is considerably less than that in 
the add-back process, with the possibility of improvements 


in the nutritional quality of the product. 


3. Because recycling of large quatities of product 
is eliminated, the dryers necessary for the freeze-thaw 
process will be considerably smaller than those for the add- 
back process. The heat load for evaporation will be the same 


for the two processes, but the smaller dryers will require 
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lower total air flows for transport of the material, and 


will probably have significantly lower heat losses. 


4. The freeze-thaw technique gives a constant rate 
drying period down to moisture levels at which granulation 
can take place. This means that the pre-drying, which 
removes about 50% cf the moisture, can be done fairly 


rapidly without the use of unduly high temperatures. 


5. The freeze-thaw process may be able to handle 
potatoes with a wider range of specific gravities and 
moisture contents than the add-back process; in particular 
the process has keen operated with potatoes with as low as 
19% total solids, whereas the Binimum total sclids for the 


add-back process is considered to be 20%. 


6. The freeze-thaw process appears, in the 
experimental eguipment at least, to give a significantly 
lower proportion of oversize material in the product than is 


obtained in other processes. 


These studies lead to a number of conclusions 


relating to the process and process equipment, as follows: 


1. The rate of freezing appears to be controlled 
by the rate of transfer of heat to the surface, rather than 
by the rate of heat conduction through the frozen material 


to the surface of the potatoes. 


2. A stirred bed dryer can be used for pre-drying 
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of the cooked, frozen and thawed mashed potatoes. Stirring 
speed of approximately 1 ftysec is sufficient to give 
uniformity within the bed and keep the drying at a maximum 
rate, but are net great enough te do a significant amount of 
damage to the cells. The time taken to pre-dry the material 
from approximately 75% moisture to approximately 40% can be 


as short as 10 minutes. 


3. Granulation can be accomplished at moisture 
contents in the range of 42-35% moisture. Stirrer speed up 
to about 25 ft/sec are satisfactory, giving rapid 


granulation with little cell damage. 


4. Air classification appears to be useful in both 
the pre-drying and granulation steps in that air velocities 
can be used such that the fine, relatively dry particles are 
lifted out of the active region of the bed, and the larger 
and denser particles remain in the lower part of the hed 
where they are subjected to a greater extent to the heating 


and stirring action. 


A number of conclusicns can be made with respect 
to the effects of the temperature of mashing, the use of 
freeze-thaw technigue and the use of surfactants on the 


material and the process. These are as follows: 


1. The temperature of the potatoes has a strong 
effect on the strength of the materials (starch and pectic 


substances) which bind the cells together: the higher the 
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temperature the less strongly are the cells bound together. 


2. The freezing and subsequent thawing of the 
cooked potatoes also reduces the strength with which the 


cells are bound together. 


3. After freezing and thawing the strength of the 
intercellular binding materials is further reduced by 


increasing the temperature of the potatoes. 


4. Low broken cell counts in the mashed material 
are generally associated with conditions which give low 


strengths of intercellular binding materials. 


5. Mashing before complete thawing has occurred 


gives high percentages of troken cells. 


6. Low concentrations of surfactants can be used 
to reduce the amount of free extracellular starch available 
for gel formation and cell kinding during the pre-drying and 
granulation stages. There are indications that water-soluble 
pectic substances may be affected by surfactants in a manner 
Similar to starch. In the case cf starch, Myvatex which is a 
mixture of components appears to be more effective than 
Myverol which is essentially a single component surfactant. 
The reverse appears to be the case with water-soluble pectic 


substances. 


Several conclusions can be made with respect to 


experimental techniques and analytical methods, as follows: 
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1. The carbazole method of McComb and McCready 
(1952) can be used in the presence of low concentrations of 
starch (<0.04%) if a correcticn based on the blue value of 


the solution is applied. 


2. The drying rate can be satisfactorily 
determined from the decrease in temperature of the air as it 
passes through the bed. Corrections can be made to take 
account of heating cr cooling of the bed. This method 
Obviates the taking of samples or the weighing of the 
material in the bed, and has the added advantage that the 
uncertainties inherent in graphical differentiation of 


weight or moisture content vs time curves are eliminated. 


3. Glueyness, either measured objectively or by 
the texture panel appears tc be the most important textural 
characteristic in determining the overall preference rating. 
It would appear that the objective glueyness measurement 
will be of some use in evaluation of the overall] textural 
quality of the mashed potatces in process development and in 


quality control. 
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It is believed that the freeze-thaw process can be 


made continuous. A suggested process is outlined below: 


1. Peeling, slicing, washing and sulfiting: These 


are standard operations and can be done using any of the 
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presently existing methods. 


2. Cooking: This can be either by steam or water. 
Steam cooking is preferable in that losses of soluble 
components are lower than with water cooking, and the steam 


process is easier to control. 


3. Mashing: This should be of short duration and 
Should be done at a high temperature. Surfactants (and other 
additives that may be required) should be added at this 


stage. 


4. Freezing and thawing: The freezing can probably 
be done in a continuous blast freezer with the mashed 
material being carried on mesh belts. The thawing can 
probably be done in a Similar manner, possibly using exhaust 


air from the dryers. 


5. Pre-drying, granulation and drying: It may be 
possible to adapt the U-section stirred troughs described by 
Hendel et al. (1961), with air being blown through 
perforations in the bottom cf the troughs. Air velocities 
and temperatures can be set to different values at various 
parts of the pre-drying and granulating troughs to classify 
and transport the solids as desired. The stirring and 
granulating arms can be designed to aid product movement if 


this is found to be necessary. Final drying could be done in 


a fluid-bed dryer cr in an air-lift dryer. 


Alternatively, a vertical multistage fluid-bed 
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dryer such as that described by Sloan (1967) may prove to be 
Suitable. It is suggested that the pre-drying be done in the 
upper level, the granulation on the next lower stage, and 


the final drying on the bottom stage. 


6. Cooling, sifting and packaging: These are 
relatively standard processes for which various types of 


equipment are readily available. 


There is a considerable amount of detailed design 
which must ke done tefore a plant using the freeze-thaw 


technigue can te set up. 


The cost of refrigeration is one major item which 
does not occur in the add-back or flake processes and will 
offset savings made by elimination or reduction in size of 
equipment used in the add-kack process. It may be possible 
to reduce the cost of refrigeration considerably in areas 
which have long winter pericds cf sub-freezing atmospheric 
temperatures, e.g. central cr southern Alberta or the other 
prairie provinces cf Canada, but have a summer long enough 
to provide a good growing season. If necessary, short 
periods of intense cold could be used to freeze the cooked 
mashed potatoes which could then be held for subsequent 


processing. 


The cost of production can be reduced further by 
recycling of the drying air. For example, the exhausted air 


in the drying step can be slightly reheated and reused in 
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the pre-drying step. The exhaust from the pre-drying step 
can be used further to thaw the frozen potatoes in the 
thawing tunnel. The cool exhaust air from the thawing tunnel 
can be used to cool the hot mashed potatoes, in preparation 


for freezing, before being finally expelled. 
Recommendations for Further Study 


As well as studies directly related te scaling up 
the process, several areas could benefit from further study, 


as follows: 


1. Effects of raw material on processing, and on 
quality of the final product: In particular, dry matter 
content, specific gravity, variety, maturity, and cultural 
history are factors which should be studied. Varicus pre- 
processing treatments may be found necessary tc improve 
processing or product quality with some raw potatoes, and 


these treatments will need to be determined. 


2. Role of pectic substances in cell structure and 
intercellular binding: The ratio of soluble to inscluble 
pectic substances in the cocked potatoes which gives maximum 
cell wall strength and minimum intercellular binding could 
be determined. Related to this is the incompletely 
understocd role of calcium in protopectin linkages in the 
raw and cooked pctatoes, and the role of various surfactants 


in affecting gel strength. 
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3. Factors affecting reconstitution ratio: It is 
not known precisely why the freeze-thaw process tends to 
have a more uniform and higher reconstitution ratio than 
some add-back granules. The reasons for these phenomena need 
to be understood so that the process can be run more 
rationally and possibly improved further. It may be that the 
ice crystals cause occurrence of minute holes in the cell 
walls which increase the permeability of the cell walls. 
Electron microscopy and freezing rate studies will probably 


be useful in this area of study. 


4. Textural characteristics: The rheological 
parameters that are involved in the subjectively perceived 
textural characteristics need to be more precisely defined, 
and objective measurements need to be improved so that 
straightforward instrumental method of texture evaluation 
can be developed for use in further product development and 
quality control. The relaticnship of the varicus rheological 
parameters to the chemical and physical properties of the 
material (such as concentration of amylose and pectic 
substances, relative amounts of intracellular and 
extracellular water on reconstitution, etc.) also need to be 


determined. 


5. Nutritional quality: It is known that potatoes 
can be a significant source of vitamin C in the diet, 
particularly when pctatoes are a staple component. The 


quantities of this vitamin remaining after processing may be 
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greater than those in add-back granules because of the 
shorter and milder heat treatment in the freeze-thaw 
process. The levels of vitamin C should be checked, and the 
process modified, if possible, to maximize the retention of 


this nutrient. 


6. Storage properties: The factors affecting 
product deterioration on storage need to be studied so that 
appropriate storage conditions can be specified. There nay 
be significant differences between the storage life of 
freeze-thaw granules and that of add-back granules, if in 
fact the freezing and thawing causes significant changes in 


cell structure cr arrangement of cell components. 
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